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\Z&^T, Sfi^y (HI, H2) t<D&Wm&&— 

(FMa-FMd, F M a ' -FMd' ) 

¥<DMm\zmrtt>nT^z> 0 core®, s«x^-^± 
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t co&figS&at-jg t £ J; o \zm§k<Dgm 

? <=» *t<£ffl $ n§ ff-ffi 4r >X «£4HR b 

Tl2fi£nfcS«X7 i ->'£: ; £IA57f— >'Si. 

sb** © + <£> £ ^ tr # a m <d b co i&m \z n-en 

IBB£nj£^&< <hfc 3 0CDS^V-^T'&-5;i<!:£lf 
gfciTSIitjRJi 1 fcte«coxx-vSB. 10 

SWco £ffi -5 it SLk © lift 12 4>>fr tc II L, T5*f ffllfcffi 
BSnfclg 1 2 Sipv-^ **t»C t 

c»*^4] saiB*«x^-^±coMt2s««^gB« ; 
co^iaic^tten. ^t2Sipv— t>oy)>tz< <tt> i^ .' 
a*. ^n^nj§^£*ifc«&coa^-^i££MK{i* 
s n t z&m t-r.-sw^ i ~ 3 co u-rn^— 3ifct2« 

COXx-v'S®. 

f2S«± CJ5r ^ CO/1 ^ - > £ ^fig-T -5 8 & o 

T, 

«B$nMiB*«*««f-rsa«««pgB*rt ; 

#&8B« t co&BH£S#— £ t ft -5 «fc 5 tc ft}f2glgX r- 

2>ntw->—'r>xmzm%i;<Dmm-?—?&ttmi'Tmm. 
snfcttg:cos^v-i7ffii ; mm&WL^7—v±.\z^ 

ffi^£ffl^TMf2tt&cogipv-^cD4>&< tfe 30 

#i tH f s & uii6fp * tt^en^ts #« w-ao -> - *r > 7. £ 

[»5fcJ|t6] S(rf2»£X^-:xCDteB£> BSft*« 
fJI2tt^:coSip-7-i7««, mfBKS!£«3R±OjB 1 M 
fcfflfi<#Ot^^l-7-^S<i:. Mf2Sfl 1 tt^lSHCE^ 
M 2 fCilfflg < #tf.£>fg 2 V- ? « £ d <h $ 

#at-rsif*«5^S2«coS3teSB. 40 

x t— 3? t & mmm 2 w^ft \zm t »-r sn 

SBt ; h3!B^X^coMb2A5'— >cOmHBmifi^lfi]co 
mM\z^^tiTz'pti< tfe— *fco-7Xi7-7-^$-ffjS!l 

Hfl!23g 1 ^-^«cOHtff2m 1 «D&|S)©ft3*»il&e*f 
12^ 2 «^rS]COS$ ^Bftf2Sqs-7- ^ * -5 cotd!^ 
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7>T-i?t&mmm2mjjfa\zm-oTwiM&W)-?z>mm 
mmt ; wievx^x^-vcoftB^n-as-r'STx^fflij 

eBffSOSBt ; fJf2-7Xi7±coWf2/t^->coWIB^ 
l W^[6jcoi55fflijtc^$nfc«^*fcovx^v-^^W- 

aa-r-sTx^fflv-^^m^i: ; &%.\zffiz.. 

MI2^ 2 ^-^«C0WKm 2 fft^(fi]C0S^*iffirf2/t^- 
>cotftl2m 2 tt^[6]cogS lc««»JS-r^S^ irSil, 
Wi2^ 1 tt^I^coS$*tmrf2S*Pv-i7 S'jgfig-r-Scofc 

^ «k o m& fc^# ^ t ^ nx t» -s c t 

m<t-r*W*«6 tI2«coS^SB. 

!B*1£-t fc^(0/t ^ - > £ J&fiTr i> 83tSB-C a& o 
T, 

2^7cSPi!jT5»«X^-v?<h ; WBSfi^r-yott 
B^ihfflJTSfirBthillSBi: : *Uie*fiX^-^±lc« 
B^nHl}l2*ffi$«RfT-5*««J#^i : Mf2S1S« 
i*aW t cofi:BH^— ^ t tz -5 «k 5 tcMI2S«X 5=— 

cos-ii^'(4Bco]e^fc^ti^rL@2fi$nfci!>^< tt> 3 

IB^-^^m5fitBai2fi:fittiB!lSfi<i:*^ViT'>?i< t 

fc 3ocos^v-^co 1 oxtt^^m-rs^tBif,^ 
im&m 1 0 ] fji2s«x^-> j ±coME*««^fSP 

^co^iafc^tt^n. ffif2»ip-7-ircoil>^<i'bio 

^n^n^fig^nfc^cosipv-^^srjEiriix 

S C i fr^f»*JS 9 tl2«CO®3tgfi. 

[«*^ 1 1 ] meiiMfc©as*v-*«ictt, ^iBi!> 
u< ti> 3-oco*ip-7-^*t. -?-n?)*^ffl$n^n-jffl 

zm&m i o izmmamytrnm. 

[fS^3§12] tfrlBS«X5 i -> J cofi:B«> WfB&B 

^g2«&coS*v-i7lgtt > 8fil2itt^JSS3S±com 1 M 
^r6]»C»-3Tlt^:co»*T-^^g2B^nfcm 1 tt^Flfi] 

-r-s^ 2 $ft^(Piicao T«&cos*v-^*tgeg$nfc 

B 2 $fc&lp] fCJfflS < WZf-Zgi 2 ^ « £ &$tS Z. t & 
Cif*^13] ltflfB'>&< tfc3OC0SqST-^C0-€- 
mfr^«*3S 9 l*f2«coS^B 0 
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2*5»ft"rs£«*^--^<!: : itteStRX'r- ^©ffi 
B£fWf &&Bfhai^B£ ; l»B«fi7r-5;±l:t 

■snwE*«s«»-ras««»««4: ; wes«« 

£ ;WE*ft<i:t)2^©£qs7-^^trittE£«^ 
«9E7-^*W*tlWEfi«»«*«i:*ffl^iTttE^ 10 

1 5] mE£«^^-y±OMfE£««J»«. 

[S*«16] mE«[fto£q5T-^«^f4, ttE4> 

»E*ft©»7-J MEKKas«* -h©» 1 Ni 
»Wlc»oTWE»l£9v-^t^tott»o£qi-T- 
* atffiBStifc* i M2rffllca»< #tf*Jg 

WE»itt*rfiifca[X-r*»2«i*rBitwrEJS2£ 

&fst}WKL<Di£w-9 iflmmtEtatm 2 

Ifiji:«fi<#^i2 7-^fitsttfci6«patt 

zm&m 15XU16 \zmm<o&yt&&. 30 
n^nu, ME£««»««ic»rissnT^*eifctw 

mmm 1 s*pv- ^ t«rE« 2 ^ <h ^jsg^taE 

5, 16, 1 8 0Hvrfta>— fl|JcE«©«3t»«, 

40 

[0 0 0 1] 

m?tms\z&o* hk:#l<»4, ^ju^\i-a\z^o 

£fi*83tL/TttfE£«±^Bf3E©^^->*Jgric-r-6 

BfcB-TS. 
[0 0 0 2] 
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«wr») ±fcK¥T*««»B#m>&*iT^a. a 

A) Z<DXTv/VZ&&&mz-rz7s : ryZf • 7>K 

[0003] ^mftm^mt, ^x;Mi:saio;^ 
-> 3 ^ h««<7>ffifi*jEaitw-ffl."r*jKH*«» o , c<o 

[0 0 0 4] &tz. ZL<Dmffl(Orz&\Z, »5XAS«J$t 

xAOfiiffiistfitsift&sjiais^^v 

**£XAifi#K»W-SnTV>*. 
[0 0 0 5] Iff^XAXf- 

^±»cl*fcEB*nT*0» £«p7-^tE±fc»«an 

ff^itxae. mf7.7— is^&mziLQWcmztittW 
ffi<D%v>bfrzmm&m$m*trztb<D&wu- kb* 

[0 0 0 6] 

[0007] ^(DTzab, §Ymmm*&}±m±z>^&£i, 
[0008] sfc, ±jtbfc«ft7r-ym5«* 

"TSiKS* 6B3tffiBt T 5-f p< > HftBt**S< «*l 

s«iri^»*. z.(Dtztb. m^tHLm^y^^ hum 
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[0 0 0 9] &5£W\t, frfrZ>mffi<DT\ZtJ.2tlfz*><D 

[0 0 10] *^©S2©B»H SSXf- 

[0 0 11] *g^3(^)BWH IffiXf- 10 

[0 0 12] 

\$, s« (wi, W2) ^ffiirrsasfi^ssw ch 

1, H2) i: : WB*tE«J*«»t««UT2*7C»» 
^^ctai:ftg:©S¥v-^ (Mal-MdXBMh, 

Mi) ^ne^ttffldndttH^— 4r>xftic^ttb 20 

TmWZtlfc&foX^—z/ (WSTh WST2) £; 

[0013] cniCctntf, issxf- ^JtfcisnT, 

HUBS'- ^>X#K#«LTEeSftT^£<£>T, thjffl 

[0 0 14] Z.<Dm&\Z$>^T, «*3S2tc:fB«OX^ 
-^SM<D*n<. ttEttftOSir?--* (Mal-M 

[0015] ±Eflt#JH 1 KIEfEOX^-v^gKiS^ 50 



T„ »#«3tE*0)XT— y««o*n<, ME«&<& 

WEt'frK:«UTfi»flSlcE«SnfcjB 1 »2pT-^R 
tfSI2S*P^-^ (Mh, Mi) mcttnct 

T - d7 £ a*Sffi«l$S8# (0 * -& s a £ fill J: <D * i&K: §1 
LTg*MWJcESSnT^S(DT, 

[0 0 16] ±E»*S l - 3 k:E*©*XT-y8t 

S«©*n<* ItEStE^r-^iOMIESCfiittStt® 

■t*H5n»ri6atlfc««[©*«pv-"drtE (FMa-FM 
d, FMa' -FMd' ) £X£tt*.Tbvrfeftlr>. 
[0 0 17] W**5^E«S©*?9tt, X*;MFfcf— A 
(ID ic^QStt -(Wl. W2) *«3tbTWE3SS 

TC^SjT^S^X^— ^ (WST1, WST2) £ ; mJ 

(hi. H2) t ; mm^mm^KD&mm 

j£ £ & § J: 5 M E&K* $*±<&*9E*R« 

— VWl (FMa-FMd, FMa' -FMd' ) <h ; M 
tti% (2 4 a, 2 4 b) t ; SftKv-*tfcffi^£fflt,vr 

(9 0) £ ; £{g*-£g7fc^fiT&£o 
[0 0 18] CttfCktltt, SffiX^- v±Kl*3^T> 

? UTEHSn&ttStoaipT— d7'«*tK 

H»-r*^£3WC**. fi£oT\ thaS«ffi*l6J#Lfc$ 
[0 0 19] CO^JC^^T. «*^6(Zf2*OS^ 
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\z m& < # Zf -5 H 2 T - ? « t £ ^ tr £ £ £ 1 -5 Z. £ a* 
[0 0 2 0] ;0^l:«UT, »*^7Cie«©®3K 

gB<z>$n<. fflf2/i^->a<jg/&£*x*:-?x^ (r> £ 

ftl$t5-7Xi7 77-y (RST) <t ; H5f3vxi7 7.x 

-v ? tHtrfas«x^->?i:S:Hfnefi2fft^[6ifr«joTra 10 
tssi 1 Wo&wmmzi&tfLzritz'P-tK £*>— jttovx 

1.4 2) £ ; £MK fit ffiEft 1 

wtesg i ift^ofi^^ieM^fS-r^x^ v-^p B iw ; 

[0 0 2 1] ±fB»*Ja6fCfB«©g5tgSC*5^T, 
»*JS8 CiE«©B3fcgB£>*n< . WfB/1^->*^fi£ 
$nfc-77.^$r«^F-r^-7^.i7X^— S?£ ; MIB^X^ 
X t— V £ lWfSg«X £ £ MfBMI 2 ffi C» o 

T^»i^i&-rSffiffilSfi£ ; iWfEvX^X'r— v>(D&fi 

IB/t^->WmrfBSI 1 lft*lSlOW«fc»dEanJt:ttak» 

Hfclfii*.**^. WIB^2^-i7«©fliJfBSl2^|S]W 30 

tlT^5C££-f 2.d£*iT€?^. d^*>-5«^-Ctt. T 

X * MffiBfl'tt&K iStX 5"- 3?©tt« £ fUST 
BtHBIgBicOX-Sr— U >^-&t5-B-^ff 3 H£j&»T»Tt&& 

[0 0 2 2] St5fcJS9 KfBScGDfg^Ite:. X^Jl^t: — A 40 
(ID fC«fc9g« (Wl, W2) $r®7tLTMI3S« 
±l:^0/^->£ieEt5i3tgBTSoT, 2* 
Tt&Wi-? V (WST1, WST2) £ ; ffi 

EaitR^^-^wiacatw-wrsttBM-jBKfta (16, 

18. 44. 46. 48) £ ; mtBS«Xx-> 7 ±lC« 
@3nffi£»«£#frt£S«fiM#3B# (HI, H2) 
£ ; MeS«##$**£©&BW^*<— 5 £ 

t(rfBSlsx-r-v 5 ±^^tt^n. 8trffia«««fSP*rro+ 

&**tr*fc»©*Mj&ffiB©ifi«lc*tt*fteB3ft 
tz.'>fi.< £$>3-D<?)mm-?-i? (Mal~Md) £ ; ft} 50 
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Sr^tf«[fBaSX^->?±fC?¥aE-r-5V- 
?^ttit57-^feaif (2 4 a. 2 4 b) £ ; fiftS 
v-^tti« £ WfB&BiHfflgB.*: ^T'>& < £ 

3 c»(7)S«Pv-^ (D i ~2x\m&&&&-T 

^-n-^tl-^tJ &® th^ 4r >X SSIfr -T -5 IMftSB 
(9 0) £ ; Srfit^.Sg^BTa&-5. 

[0023] dtifctnti, -^n-en©*^-^*^ 
fflomm mm) st^t<t5i«i:^Tt. n-ssx 

©T. *^-7-i7CD^:B<otf-fflIigmfcS-o*ViTSS^ 

<ov^tfrt}f^»cs^-r-5. se^T. mz-ii, mmmrn 
- i? ji i^^tt e nfc&s^i v- ? ©ttfitt^ sr^m l . 

*r<D&Wmmz&-3\,*Tffi7Z.V>$iW.&fTtt? Z.£\Z& 

o. mfo&ftmtt<D*,b&m&.£-?2>&m&ttm&%%: 
$>z>mmm^mmm-c$<.tb2>z\£tf-t?22>. &.tz> mm 

ift-tt. v-^^tBiS<tfi:BtfifflSBi:Sffl^T«« 
±L<OM%Z£ftMftmz&tE-T : £> T 7-i * > h V— i7 

J6, inSrMIB^JfgP^^^^^W-SftBttffitC^tft 

t$\z ! gwT?zf£<t£-orzm&-c$>-DT ! b, mtcfcmm& 
±-vmm-?-? : S:mmmwrz>z.£\z&r). ^©h-ms 
&£mmumi$wm&ifk\z&nz>t!Lmmm£\z£-3^~r: 
fffc&MS^±TSfriBT7< ^ > b-?-?<D®.mmm& 

«3S4fc«fc t)S«x-^— v'co^r^fbS^Sfioxy h~7 

V>b<DW;*i&m<Z\£tZ<> *^S«(D^BSrStifi 
< ^ST -5 Z. £ Bjffi £ f«c -5 . 

[0024] z.<Dm&\z&^T> mm&mm-?-i7\z, 
«, m&mi o (c»B^«©^gBroia<. wibssx^ 

-?—>7<D'>tz< £fe 1 ^>5t, -€-tt^njgf££ftJfc*t&© 

g * T — i7 « 5 H C ffi X T 1/ i T t> fi: i . 

[0 0 2 5] Z.<Dm^\ZH^X. B*JS1 l(CfB«<7D® 
3tSB©ia<. MfB1«^co*ijST-^ffifc«, hSIB'>^ 

— tr>xmz ftmi,T$im.2nx^z z. ££-?%> z\£& 
titles. 

[0 0 2 6] ±IBft*3i i o Ryt i i \zn&m.<D&mytm 
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BlciJ^T. B*JS1 2fcffi*©gJtSS©*0<. MIS 

wmmztitzm i M3rfticigi«<#tf i 

(D« ifi v- i/ wszw s nfcm 2 «i*r6] ic sua < sg 

[0 0 2 7] tHjxfcf. ^ME^cDfl^BT^n 

-f * > fcff-jrrs 2 BS 1 M©7Xi7fflY-^t 

(6]*«S©^S^r6libfc^. Sg2 V-^SaiiKZ)^ 

[0 0 2 8] ffi$tm9 \Z$d.m<Dmft£W\Z£i^T . 

mi 3\zmm<r>mytmm<DpB<. mm<i>u< t^3-D<D 30 

T ^ Z> Z.L ft 2>Z\ 

[00 29] m$tmi 4\ztm.v>5tmz, x^;i/^f— 

A (ID \ZkQgffi. (Wl, W2) *®7tL.TmrfB» 

m±\zffifeort*—>&Mi&-?2,mytmM-e&^T> 2 

^TC^ft-rS^X^-i? (WSTl, WST2) <h : 

fifiBS«x^-^<£{iB£ih&rt3&BiWgB (1 

6. 18. 4 4, 46, 48) t ; mrfS*«X^-vJi 
C*£B£nffif3*«£«#T£g««ltg&*.* (H 1 , H 
2) t ; MfB««##gP*<l:<Z>&fi§8##— ti^Si 40 
pfcMIBS«X^-v±fc^tte,n. ItfJfBKS&KFgW 
<D * & £ ffi -5 H ^ _t (D f3 f B * §8 V X S *f (10 \z SB B $ 
ftfc» 1 S*PT- 2 S*V-i7 £ 

t>2 0<DS*pv— >7 (Mh, Mi) £ ; ffiK.'PU< t*> 
2 o©S¥7-i; £^£rMfBS«X?- v'ifc^ffif -5 
^-:?£&f±!-r-5-7-*;&tii^ (2 4 a, 2 4 b) £ ; 
MfB-7- ^^ffl^ £ HftfBtefitf-jBlgB £ ^TiulfB4> 

Hi »fe s^n^n^tj &mm jffl ^ > x £^frrs a 

ffllSfl (9 0) k_ ; £<ii;l£«ftgBT&£ < , 50 
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[0 0 3 0] CftKJcfttf. IlS?7-f<!:i2SIP 

t*mwL&w&tt<D'p.b.&mz>m.m±<D'p>bizm 

m-?-?<D&w<omwmmzm^TmwLu&&ttn<t> 
-tteBtrangfi t &m ^t£&xt- zs±\zmi 

&-3^Tffife<Dmn$:fTti.?Z.ii\z&K>^ &&&&&& 

(o + -b & m& t f 5 «#gB*r ^ * & % mm. & ^ mm 
$tmmmz&tt2>i(LWffimzm&-?2>z.t\z&Q, m*. 

<D mm ^ lc * H ^5 &® If « t \z * Tfr fc JEcdEflt * ± 
SISX^-v'^^tRl^gBro^^ H^U > hois* 

[0031] z\<Dm&\z$>^T. m&mi sicibsws 

[0032] z\<Dm^za^x. m&m 1 6 \zmm<r>u 
< tfc 2^©s2p-7-i7*t, -ene*^ffl^nstfS!i-> 

[0033] ±ibw*ji 1 5 i 6 \zizm<n&mft£ 
Bic*3^T, m&mi 7 i:giro^it©jn<, mibs 

^±-e«s$nT*3 0. ^iB^sws^v-^stt. m 

fBit^aitglSi©^ l W^(6](c»oTWIB^ 1 X^v- 
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[0 0 3 4] ±K»#JS1 4tE«(3DB3tSfil»C*^ 
[0 0 3 5] ±IBff*3gl4, 15, 16, 18 

V"-^twi2fB2«*^-i7t*jB^miBfi«*^ me 10 

[0 0 3 6] IlS^Y-^7(ti2S 
[0 0 3 7] fcufc, *^H|}:i-5ifgi T ^a^ T - 

offiKKftSttWt 5 ^ 1 1: J: 0 $8f:*»5 t jjtt 

[0 0 3 8] £«btc, *5SWTS«X5^-^±<7)S^T 
[0 0 3 9] 

-04 ca^Twsirj-*. 

[0 0 4 0] El 1 fete, *%91l::fli£B3££gB 1 0 co« 
[0 0 4 1] C©*Jt81l0lt SMlLCiOT 50 
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Xi7^LT<Dl/5 1 ^;i'R^±^e>M^"r^»^^2 

0, MfHU?^;i^R*±<hLT^4^^ h 
i»w*»43RBia3S*iR]T»*Ytt^rrsifr5) 

astiKO'jxAWL w2*-en-€ r tiffij#LT 

XAXf-yWST 1 , WST 2 

[0 0 4 2] ffirBflB9i» 2 0 tt, #J;Lfcf4#M¥ 10-1 
1 2 4 3 3 ^£«L 4*§l¥ 6-349701 *f £*$8 (R 
^unCMT5*i^i5, 5 3 4. 9 7 0^ 

[0 0 4 3] d<DJK93«2 OlfH 0ttA«*->*&*» 

3K3fc I Ltl/Ttt» KrFX^y"7l/-1f3t «S2 4 
8 nm) , A r FX^>VU--tfft (Rfi 1 9 3 nm) 
&£©jt**Ufc* *S^ttFi l^-lf* (Ml 5 7 n 
m) adfOKS*^3ta:<!:^^6ns ? mftftlLt 

[0 0 4 4] WEl/f*;i/Bl»li U^;i/R*««r 

1 l:S3tl§I/f^M-Xfi2 5 K&^TXY 
2^H(^T'^lijpItl^U'^^;UX^-> ? RST<h, d 

[0045] cnsii:i¥^t, u^^xy— s> 

RSTtt, SHIRK tt, ^0^*Stt^7U>^ #J;L 
•koTXUlBl, Y3ft;£ftRtf 0 z]£ft (ZMIh10<7){eI 
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a. ot¥8- 63231 n'An (RtfuticMt^ 

*m&Vtm6. 2 4 6, 2 0 4^) Uizlzm^ZtlT^ 
[0 0 4 6] ±»©i5l: t !/WMf-yRST 

0z;frfltf>{S4>leHte, RtfYffl;#rp]<D;fettffi»#&$ti 

[0 0 4 7] U?*JPX?-$?RST±Ktt, 0 2K5K 

T£9> C©ilt3 9<Z>X$Si;£ft<Z>— fiKOS^ttftffi 

^WSKftttTlS 1 tf>^fb>X?A 2 8 £*/&-r&iftI 
fittB I 6XT^$tl^^^6<7)^f#tHf-A3&t^ 20 
#t£fL -eo z F#^^«^^^M7t^§7 , ebT**S{C 

Jitfc J: o, u?*;ux?- 

■>?RST<0ffiB£ffl-«lbTtr>a. uCT% CKDSIfifBlB 

©XW^fiOttBW-Wi:, 3 — T>^» (0zDlEi) 

X (XBBI2X) fc*rT *^F*if 1 6 (XIJ18) 

(i3#I) ^ecO^X/Uf-yWSTl K«WS 30 
T2) '©3— f >2/fflf«^Xffi««*^*^^TU?i7 

|&Il:i/f^;^T--^RSTSgl(EttfllL&0; X^rft 

CD I/ ? ^7 ; U £ O X A £ <D ffi e * fT "5 * \Z ffl V > £ 
[0 0 4 8] l/f^^Xf-yRST^f^ 

A, 3 5B^ll$tlTU5 s f LT, 

-3 5 A, 3 5 BJC»bTH2fCffllfittB I 7 Y. BI 

i/5 i i7M-xi2 5±i:^te > nfc^ 

0^<£>&#tMK::3— ?— ^o.— Zf*^ — 3 5 A, 3 5B 
35A, 3 SBCOSip^g (U^ r l/>X^fi-CWfBl/ 

fix, cm&oy^yix^tfcDtfss®*^ so 



4fP8 2 002-231622 
14 

Xf-?«i8l7 0 <Bl#SB) K#$S£n, x?- 
5*MM»7 0^<tt)^JA«-e©^«ItcS^TU? 
^;UX?-vRST(DYtt*^3<Dfirg^m^n, -t© 
^ffijK*#i®lffll^e 9 0K«&2n££5K:&oT^ 

tt, ajfi-rs^XAflJOJBfiWB I 2 Y^T^YWhP 

^tf4 6 (0 3#d ©«-a«ica^f< u-?^;ux?- 

yRSTt-Jx/Uf-yWSTl (X«WST2) t 

^rfij (Ytt^rsi) nun? frtvii/wmMfflfflizm^ 
[0049] -r&fc-^ **jfi«!B-ett, aasfftB 1 6 

XTSSniWIfttfjIfilB I 7 Y. B I 
[0 0 5 0] &*5* U?^;PR£*j$T£#^XS1g0 

OOp pmJ^TT, ^^^>y3g$^#"r^^S^ (7 

[o o 5 i] HttaBi5uej|fi**PLtbTtt, ::tit 

z tt^rp3o*a<o3fett**-r u >xx u * > 

nt^5 8 Z.<Dtc#>. X?^y- 7>K • X*^>55rSC 

3SflEf4, U^^JtX?— >?©»»igago 1/5XIJ1/ 
4 £&£>o 

[0 0 5 2] StEXr-ygffi, 0 1 \Z^2tlZ>£? 
IZ. 2 0±^HiBt$n^2O0^XAXf 

-yWSTl, WS T 2 ch, CinecO^XAX^-^W 
STL WST2*K»T5X?— «^xa 

Xf-yWSTl, wsT2cofig^thSi|-r^>fi:Btf'a!l 

*«tL/T©^F»fl->XT-A<!:*«iLT^S. ^XAX 
r-yWST 1 , WST2I1 ^F0^<D#j£®K7 U > 

'J77>X^LTff±^SnT^S. fit, r>X 
AXr-vWSTl , WST2ft X?—>?iMWM;:<fc 
■sT, »ltt#ffl£L,T<BX|Bi:&rp] (BlfcisW'SJffia 
Jt^2tt^fRl ( fcLT<DY«|*[Rl (HlK:* 

[0 0 5 3] ;in£Mfc:i$ET*<fc, ^XAXf-yW 
STL WST2^HSl:|j:^(DX7/t7 K^«S 
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tlj L Jj £ M^^ti £ <Dn? > X \z <k 0 0tj (££ M mi 
[0 0 5 4] ^-XS12±I:H S3OD¥®0tC7K$ 
8 6,8 7^Ytt*f6]lC^rapgS:RSTTEB*nT^ 

iig±^$nT^§ 9 ^» 4^(07.9^^8 2, 8 

4, 8 3, 8 511 XttU— Ttf'f K8 6XH8 7*± 
«2r 6 H tr J: 3 &WffijKU*«©»tt** I, , 

5X7<^ rtMH^-y h) 8 2, 8 4tX»Ur7 
H 8 6 <btcJ:oT, A— fcf>yrK jHOXttU- 

7 : E-^^n-?nM$ni^i)o nmz^^y 20 

(itW-y h) 8 3, 8 5 tXiU-7^K8 7 

SnX7-fy8 2, 8 4, 8 3, 8 5£H— <Bfl«£ 
ffl^T, igS, XiU-7^8 2, Xi'J-7 : E- 

^8 4, xtftu^y^-^8 3, arjcxttU-T^— ^ 

8 5 tP?^fe©i:-rs. 

[0 0 5 5] ±E4^0XHUr7t-? (X^-f^O 
8 2-8 5(05^^)2^ -rXcfc-feXttU— T^E^- ^8 30 
2, 8 3H Y«i*lRlfcKtf«YttU-Titf-f F (#J*- 

SD2^X|SU-7 : E-^8 4, 8 5H 
Ytt*[6»CJitfS|g«©YttU— Ttf-f K8 l^-^d: 
ffi«^H3£SnTliS. fi£oT, Y#U-7^H8 
0, 8 1 te, g~ ^CDXffiUnT^—^ 8 2. 8 3, 8 
4, 8 5trJ:oT, X«K:»oT*iHfnB»*ft*i 

[0 0 5 6] ^7X;\Xr-yWST 1 (D&mz\Z. fcfK 40 

0, coagazy hi-*©YttU^7^ H8 0 t 
l:iot, «)XA7f-yWST 1 SYiSlfillCBIlt 

hS©Y«iJX7 ; t-?tft«$ 
tlTVi-5 0 ^XAXf -yWS T 2 OJggilCtt, 

TfcD, COBiaz-y htMOYttU-7^ H 8 
lchlZckoT, ^XAXf^yWS T 2 £ YlfcfrftlCiK 

fiKStlT^S. KtT^^Ttt, Jet, dnSOYttU 50 
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K8 0, 8 1t^^ffl^T, Ytt»jx7^-^ 
8 0, Ytt«Jn7^E-^8 1 £W&h<D£-?2> 0 
[0 0 5 7] Sjfc, **«»»Tf4, WEXWU-T* 
-^8 2-8 5R^Yi'JX7 ; E-^8 0, 8K0ftl 
-etltt, HI fc^£tt-5X^-^fWffilgB7 OICctoT 

[0 0 5 8] ft*, -^CDXttU-7^E-^8 2, 8 3 

cms 4, 8 5) ^n^n%*-r-5*^*^i^^s 

* 

ft^ii" SiltT, OXAXr-yWST 1 (XteWST 

2) ©3 — r >#<Dmmifi*ifferz$>z>. 

[0 0 5 9] 011:10, gatB^XAX^-^WST 1 
ent^So ^(O^XA^j^HKDlffilCH 04 \Z 

[0 0 6 0] 0 4 fd^ 5 ^©>)XA 

W^H 1 OHiZIWOBfffiffilt (IKiBKIt -)xa 
*;i/^H 1 <onfi!l<0E3ftJg(OKji£ffi«ifffif) fctt* S2p 

■7-i;mfnMsnfc4^©s»T-^fiFM 

a, FMb, FMc, F M d rt*-£(E>^® <fc ^XAW 1 CO 

W7-^gFMa, FMb, FMc, FMdlt £ 
^««»85 3 3 a, 3 3 b, 3 3 c, 33d*f 
n^LT!?XA*;^H 1 fc— flcttfcB^SftT^ 
<5„ ^ftfr-fe, S^T—^^SFMa, FMb, FMc, 
FMdt«)X/\*MH 1 t©ttt85«*<-£tSnt 

[0 0 6 1] Jt3fBS*r?-^1£FMa±®K:te, 04 Ic 
SSn§i5C, -^S?7-^Mal> Ma2^X 
Wl*I^JwBf«raiH*KTT}BJB£*nT^S. cn^cD* 
^Mal, Ma2H &ifc?Z> 2 gg— *KDR A® 
M4 1, 4 2 (HIM) OTOKTPI«fK:fH>3&«RllB 
teftMKlgEg^nT^S. cn^©l$7-^7Mah 
Ma 2^$tlfcS2pV-^fiFMatt, XMd&IrJK: 
O^T«K^XAWl±0)->3 y h®«0;fc#££W 

u Y*s*rn»c^^T«, a*T-^*«»HPiffi3fta* 

[0 0 6 2] S^V-^FMbJiKte, Yffcfr 

fa\Zffifemm$:mTT3~D<D&m^--?Mb 1 , Mb 
2, Mb3j&«MSnt^5. Cn^^a2p"7— ^Mb 
1, Mb 2, Mb3te, (,>;b«$><5>^— *5-f>f|-»$K 
frbn^l/^^Jl/Xr-yRST, 'JXAXf-yWS 
T 1 ©ffiH*^n^ntfJW^*T*th*B5Pfl©^fci0S 
X^r— U>^fhSi, "Tft:b*>, ffi#X**>»fm<Bffi 

T-JMbl, Mb 2, Mb3^M$nfcS¥7-i? 
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«FMbtt, Yl^lRlCOlit^XAWl ±©yg v Y 

[0 0 6 3] Sfc, SO^I¥v-^fiFMc, FMd 
£ e ^neoS¥Y-^Mc, Mdte. *?X/\*;i^H 

1 O^Ml/^xA^yH 1 

[0 0 6 4] S?7-^fiFMa, FMb, 

FMc, FMdH ^X/\*Jl/^H 1 <D*p*b&<£tsmft 

[0 0 6 5] "?XA7f-yWST10±If:ft Xtt 

Z>X&mm9 6 a^Yffl*[pJ^SI8*tl, Y«dfrfij<D— 20 
« (+YfflM) fcYfl|fcittXTSEltffi«*T3Y8Pft 
&9 6 b^Xtt*[6]fCigi8StlT^^o C *1 6 GD?£»i£ 
96a, 9 6 bO&KWSKte, 0 2Rtf H 3 

«)XA7f-^WST 1 <0 2&7c>KgasiH!£ 30 

[0 0 6 6] ttJO!)XAXf-^WST2 0i«H 

[0 0 6 7] t&t)^, ^XAXf-yWST2il: 
A^MH2^LT, 9XAW2*^H*W=l : a- 
H2H S*ttfctt, Stri2Ebfc^XA*;i/yH 1 

a* ,'FMb' , FMc' , FMd* ifi^tl^tlSim^ 
a', FMb', FMc', FMd' <D±m\$* £x/\ 

^yH2±l:ff^ti^^xAW2^ltl^i;iS^ 

ST2^±Il:H »9 6c, 9 6d^n€tlS 
KSnTVi^. dtl^CD^»j^9 6 c, 9 6dl:H 0 50 
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^7X/\Xt* yWS T 2 CD 2 jfcTcttH W £ *V5 J: 5 

[0 0 6 8] &43, B2RtfB3 Kl^SftSiiSl::. -5 
XAXr-yWS T 2 KOlfpY-^fiCo^TH 0 
XAXf — yW S T 1 ±<DS*pV— ^«<h*hS~r£ 
\Z~D^T, 'JXAXf-yWST 1 fc£Vvr#Lfc«F*l 

mz r j S#LTKWT5feO)tt5. 

[0 0 6 9] Hi KKD, «ftE*9:«3tt**PLOX|*^ 
fpKOMffldtCtt. l^i;il^o^77^v7 (off-ax 
is) *i©77-f/>«24a, 2 4b^, fi*3tt¥ 

£ e iltie > ©77'f/>H24a > 2 4bd:bTH 

mttm^ommn&zi&m&mT (ccd> 

F I A (Filed Image Alignment) &<Dm$k&&m^t> 
nt^So ^nf>077'f/>h^24a, 24b<E>ffi 

[0 0 7 0] 77rf/>h^24a, 2 4 b £ L 

T, FIA^m<, «l^t«Xlt-^>h&«IUJ3ie 

T£2o<£lHlifr7fc («fy*tfH*R) £T#£i*T&tt|-r 

[0071] ^mmmm-vi*. *>h^2 4 a 

te, ^XAXf-yWS T 1 ±f:^^tlfc^XAW 1 
±©77-f >< > K-^R^XAXf-yWS T 1 ± 

^tCfflV^tlSo 77</>h»24bH ^X 

AXf-^WST2±l:ftj^Snfc^XAW2±©77 
-f ^ > ^Stf^XA7f-yWS T 2 ±<D&g2p 

[0 0 7 2] CtlZCDT^'l h&2 4 a, 2 4 b^ 
£7&g> tftfo%77^/>M2 4 a, 2 4b^tl j f 
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3ifflM%iW9 OlzmZti, £MtfgH9 OfcJ^T, * 
[0 0 7 3] ^XAXf-yWS TL WS T 2 

[0 0 7 4] £nS©Bfc«£ft*J:'5K:, 

2 4b(Dfnfn^tiifrt QtfftSXa, SXb) £ 
£S£?gl$S (Xfft) C^T^XAXf-yWSTl 10 
±ffiOXtt3Erffi-flJk:Kft6nfc»»«(lt9 6 afctt, 0 
lOXliTlWH 6»&OMft«lB I 1 XTS^?n§T 

*fHf-A3j«w»sn, mane, si«ot^xa 

Xr-yWST 2 ±ffiOXtt^|flj«a«tKttSnfc»» 
ft 9 6 c CH HiaXUHWU 8»6CDM1B I .', 
2XT«Sn*^F#fHf-A3^H8jWStlT^*. .' 

U 'JlAXf-yWSTl, WST2^Xi*fS]fii 
SW-»t5J:5i:aoTV^. dCLT, TM16, 1 20 
8tt, 0 2 lC:*;£n£«£<5t;:, «-3*03fctt£«-r« 3 
MflF*ff-~e»D. ^XAXf-yWST 1 , WS T 2 CD 
Xf&JjfoOslrWEMlZ. Y$&\EW<Dm&m (P-U>^ 

e) fttfzwisio<Di§ME* o — r>^fi) cotf-an^pj 

f-yWSTl, WST2H <h fe yT 
&S^(DJ;5&lftBJl£fTofc^ ^7XAXf-^WST 
1, WST2H SII&fcHU Ytt^E— ^8 0, 8 11^ 

^mfmi^n^xr-y**^, gxf-y* 30 

[0 0 7 5] ±i£<£>£D<* ^XAXf-yWST 1 , W 

ltt^Ofi!S:±^6, ^XAXf-yWST 1 , WS T 2 40 

So #Jl&* 0XAXf-y«^ z^^.6gftgj 
fpj fC^lfi nJffiT & o T t> & 

[0 0 7 6] &*3* SUStSB I 1 X, SJgfftB I 2 X<D 
ft-TSWHf— Ate, ^xy\Xr-yWSTL WS T 2 
OiMB^f ^tf (OXAXr-yWS T 1 , WS 
T2^1^9 6a, 9 6cl:Sfc^cJ:3f:aoT* 
V). «£oT. Xtt^lfiJfcO^Tte, S«3fc*»PL£JB 
V>fc«5ttWK 77</>h^24a, 2 4 b£>{£JBP#^ 50 
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1 1 ■5xy\Xf~y W S T L WST2© 
fiflitt, SflSttB I IX, SJgfftB I 2X<D|faiffillS 

[0 0 7 7] 0 2Rtf0 3K*: 

Snsiit, fi»3t^PLOS»*^TXffttSB 

fcXM-r*WfittlB I 2 Y£^Tf £ YWflF#«-4 6 

77<^>h^24a» 2 4 bo-en^n^ta^'OT 

x«t-tn-ena«K:SESi'r«afii*B i i y, b i 3 
YS-tn^n^r-rsYUi^ffl-4 4. 4 8^gtte»n 

-yWSTL WST2C0Y^f^fiStfiSa^«, 

¥^PLcogg^ T&fc^tt^xsaat-aw* 

WB I 2 YCD^ffl-4 6 0W-aMt3W«^Sn* 

>hf 24 a^^«)XAXf-yWST 1 (DYjj 

twtmimiztt. 77</>h*2 4aofeffl^ r 

&to%«ttSXa*MiiT3Wfil*B I lYOfW4 
4<BihWffijW8^&*U 77<^>h^24bW© 
^XAXf-yWST 2 (BY^I^Mfhjfflfctt, 7v< 
*>b&2 4 b<B«ai+4^ T&fr-&)t$fiSXb*iIS 
i-*Wft«B I 3 Y©T#tt4 8 0»fflfc**JBlr>S*l 

So 

[0 0 7 8] fi£oT, ft««ftfrlCctD; Yfft^ftO^F 

MiSW^XAXf-yWST 1 , WST21II: 

$9Lrtt>nfz&mm.9 6 b, 9 6 d<?)ES>ra<fc onnsc 

fcSOSfftB I IX, B I 2Xftftlfn^')XAXf- 
yWSTl, WST2^ti96a, 9 6c^^n 

ofcjglC^aTYfillO^SfcoUir^ h£fr&5C£ 

[0 0 7 9] &4b\ ±EYtt«ffl(Dft : f»f|-4 4, 4 
6, 4 8tt, m2\Z^2tlZ><ko\Z, &2:£<D^$ft£* 
-fS 2tt^F»ffT»0, ^XAXf-yWSTL WS 

t 2<DYmjjft<Dmm&>Mz. xmrnrxommm my 
[0080] ^mmmmx^ 2 -o<Dxn=f»«r 1 6 , 

1 8&tf 3 0<&YHhF#«-4 4, 4 6, 4 8 O'&if 5 O 
<2T#iH::£oT, <)XAXf-yWSTh WS T 2 

[0 0 8 1] **J6»IITHU 
C7XAXf-yWST 1 % WST2 0|^(D- 1jifiU%^ 
-$r>X*^frl/T^SPJJ, ffi*»4^X/\^tft. -)XA 

iW8f 9 0<&»^fc«lJT;*?-^fHWe«7 OK 

^XAXf-yWST 1 , 
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[0082] £ bK, *mm&m<DByt&m i o T*\t. 

^PLS:^LTl/fi7;l/R±(Dl/f^J|/7-i7RMl f 

RM 2 tS^-i/fiOY-^ tS0^J:SSt-5fcai) 

CDg>t&g£ffl^*:TTR (Through The Reticle) 7 
^ < ;* > h 5t ^ & * £> ric -5 — ?* <D V ^ 5 J V T =7 -f * > h 
llfttt (ETF* «i:± rRASfSftj i**) 4 1,4 

i/^^;pR^e.^ffi3t*fn^tiRAKa^4 ir# 

4 2 K9S<fc«)<7){sr£U ^—3 1^3 2W&W)&&\Z 

ts, RAgifli4L 4 2tH*©*^t «*.«whi ' 

¥7 - 1 7 6 4 6 8*4i?g (ft»dftl:»«TS*H» 
WJg5, 6'4 6, 4 13*) tt^^PJlB^BBSSnT^ 

[0 0 8 3] 0S^tK$nT^S^ S#3fc46 20 

^PL, 77-f^>^24a, 2 4bOTn€m: 

u^j>ifsYmmm i&tf* faf/al^j &v*3> 
^tsnt^s. ccop^, a«>i6**PLK:»w-6n 

fcAF/AL^H C7XA (W1XBW2) (OttiKMffi 

P L o»Mfg^irti:^bt^ 

X) U^{7Ji^R±(D/^^— >*>>XA (W1XIJW2) ± 

i«>XA (W 1 XOT2 ) (Z)g)tIi:^M^PL" 

*Hlfi»J8Tf4, iKDAF/AL^tbT, #J*_fcf 
6-283403 *^$g (Rtf £nfcttJS*r£* 
a^«F^5, 4 4 8, 3 3 2*) &i:i:HS*n5, V> 

[0 0 8 4] 77</>h^C^^^n/:AF/ 
l*tn«©AF/AL*©fHi, IB»KJ:«*-h7* 40 

[o o 8 5] mxmmi o<Dfflfflmt. Hitssn* 

R<fcLT<B±feJ»g«9 0&ZfZL<D£.fflfflmW9 0 ®E 

[o o 8 6] &\z, mi iz^2nzmw&<Dm&&&<D 50 
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^X/Uf-yWSTl, WST 2±£i5W'*|g|P* 

trots. 

[0 0 8 7] B2fc«S*i<5«fc3fc. £xa 

Xf-yWS T 2 BT9XAW2 CttLTBXAffrWr 
ton, ^ftchMfrLT^XAX^— vWST lfflOT^X 
AW 107M^> httffrB^tottS***&R9!£R 

9xawi, W2<^i®f:n 

ft****. XfifcfrftK Y«|*rfilfcBfffit!!y^T*ft©S/ 
ayHWt <KBfi«) jWgj£SftTi3 0, ftS/ayh 

A* — 75^ hfflOXS9XA7-?StfY 

W^xAT-^^^nfnM^tm^feott 

[0 0 8 8] a. ^XA7T-^WST2it 
tt, ^XAW2lrJ#bT^©«k5lCbTB3t*frfon 

0 j5> 6 «i£-r 5 O XAW 1 KfcTT 3 7 5 -f / > h ®jf£ 4: 

-^A&ftsjt^tcjsi;, T^ff^x^coasfiWB 1 2 

1 s^tfaaffis^x^b^^, xfnuxjt- ^8 4, 

8 5RtfYtt'J-7 : E- * 8 1 S«»bT')XAW2(0 

£&&fi) I^XAXf-yWST 2 Sg»t^ e 

[0 0 8 9] b. &lc, Xr-y»gl7 0TH 
^ffifflSB9 0 ^iSCiSCTl/f^Jl/R^^XAW 
2, 1/f ^iPXf-yR S Tt'JXAXf-y 

WST2iOYtt*lft(Ott»*aE*B»6b, SfRS 

t, wsT2^-tn*noa«jt3taflEK:*L, ^ai^ 
aBttiBi-a-rst, mm^2 o^&^m^/vv^mz^ 

mmt&tsnza ±E©«»*ttt, x^-^sjibsb 

7 0**, ttr^bfc^F*K->^^A<0«ftttiB I 2 Y, B 

i 2 x^n^n^Ts^tM 6, is a 

XSV^-^)V : ^WWc^X'rL,2 8<DW&%hB I 7 Y, BI 

8 y, b 1 6 x&*n^ftm^z+»w><nmmm.& : £- 

91>^l ^^^KftaKRtXxttUxyqB-^s 4, 

8 5, YiUxj^ 8 1 Sftl»T*Ct^«k0fTto 

[0 0 9 0] c. ^<D^®3t©Hi&^5teltoT> P5 
Xf-yRST, WST2*^n-€ r n<OB«^3EjffiflSfc 



( 13 

23 

[0 0 9 1] d. Xr- zSMffl&W7 Ote, UTZJl 
&W)&&ZfX$il ] )-T : E-*8 4, 8 5, YtftU-T^: 
-^8 1 S^LT l/f i^Mf-y R S TR^XAX 
f-yWST2^WI»t^. ^(DfS, ft\Z±m<D%: 

&mytmz\t, u^;i/x^-^RST<oYtfc^^ 
mx\*. 7>T-isfflwmm7 o, cnKctoTftW^n 

^U^^^ife^^XlS'JxT^-^S 4, 85, & 
tfYfftUX7^E-*8 li:d:oT, U^^JUX^-^R /. 
S T t^XAXr-yWS T 2 »lt5l»8 / 

^8 2, 8 3, ^YttUXT^-^SOiaot 
l/f^Mf-y R S T <h ^XA7f-yWS T 1 20 

[0 0 9 3] e. fLT, ^i7^R0/^->M 
^^^^^^;ux3tTil^Bg^n, A^-> 

[0 0 9 4] f. £fc, ^FS^coy^OH^SigH 
Tte, XT-ya»g§7 O^O^KSo'^, ^ 

M^7<^ii:m^i/^^;i/R±^/t^~>^^cD^ 30 

&m t m mmm-r z> & ? \zu -d x ^ * 0 

[0 0 9 5] g. ±^CD c fc'5fCbT, ilya^M 

tS^, Xf-yWgi7 OKctO, Xtt'Jxj^ 
-^84, 8 S^YfJ'Jxyt-^ 8 1 ^IT9X 
AXf-yWST2M, Ytt^f6]{CX^^^l&$ 

n, ^2 ~> 3 y hmm<Dmyt<Dtztb<D7£&mi&iiLm (tin 

j§H§&fttt) (C^l&^n^o ZCDXry \f.>tf<DU\Z. 40 
Xf-ya»gi7 Otr^^fh^XTAOifflSfftB I 

2 y, sssttB i 2x^fn-?ntnwtf4 6, 1 

8 Offil^tit^XAXf-yWS T 2 OX, 
Y, 0 z^fifffi^U7JW^f AKfWr 5* ^ 
OffS!l^{3S^#, Xr-ySMi7 0T11 
AXT-yWST2(DXYfifffi«OKil:&|, 
cfcoK^XAX-r— vWST2 0ffigS:SiIfflI-r^ 0 £ 
it, Xf-y»$17 0tf^XAXx-yWST2 

00 z^o^ommzm^^xu^^ )vmm^u 
wu ^<Do^/\mo)®&m&omm&ffim-?z>J:o\z 50 
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WMf-yRST (^^JWXf-y) £0 
[0 0 9 6] h. -£LT, £fWffl!ge9 0<Df%7R\Zfc 
KcfcO, ±^ch^^#gBOl6^^$n, ^XAW 

2±^2y 3 y hmmzMi,x±m£mm<D^m^t 

[0 0 9 7] i. ZCDJio \ZlsX* OX./\W2±(Dzs 

a y hmm<D^mytt^>B y hm&mytcorztbcDx 

Ty¥>?mft£*m?)j£Vft*itl* *>XAW2±cDg 
^*f&>-3 y hfemzU^?)l>R<Drti?->&m$:&if 

[0098] ±m7£&myt*\z&ji/\±<D&&\z 

xxW, 2 0 rto^^M^, Rtf^x 

AXf-yi^^Mf-yt^SMWj:<i: 

lo^^-r^ci^^^ofT^n^o 

[0 0 9 9] HK> ±*JtW^B9 OTH #J;Ltf, 
©Tt^r \z V ^ Z ;i/X V £ V x A X t- >> <D&MMt& 
fit ^ttiE-r^*^, &Xf-y»18 

pt-&x^-v3!flWgM7 oizMisXffijEmizfctrzx 

[0 10 0] ±ffia. - i . CDck^KLT, «^XAW2 
^LTXf7^' T>H • X^v>^SCT*®3t^fTt) 
n^CO^MfTLT, •JXAXT-yWSTlfflTll * 
Ock^KlLT^XAW 1 ©77^ ;* > hKjft^ff frtT 

[0 10 1] (1) MJichLT, •JXAWKOil^tl 
fc^XAXf-yWSTl^ 77^^>h^24a<D 

T^fc&HbTV^^cD^-r^ (i2fl) e £cd£ 
0 2 K^tlSipK:, ^XAXf-yWSTlO 

ffiH«, ajfiiftB i i y, b i i x^n-^tvrrs^F 

S£fff4 4, 1 6^cfcoTtf*iftl^n, aiSWB I 1 Y, B 
I lXT^$n§77^/>h^2 4a^I^n 

t?^ *>hmmm&±x§tm$n'gw2nx^z>o z 

ZX\ itmtEnz&WmmZ, Xf-ySMi70$: 

Ir^x3i®wmm9 o\zmi&2nz> 0 

[0 10 2] (2) #l\Z, JSIiif 9 0TH ^XA 

h i mm\zmi $ nrz 4 ^<og*r^- ^ s f m a 

^Mal, Mb2. Mc, Md*, JH^T^-T^> 
K^2 4 aO^ffiffig^Jc&B^^-r^ct^^, Xf- 
yHiii 7 0 ^^LT^XAXf- yW S T 1 co^gj 

Mai, Mb2, Mc, MdCDXffl^fp], Y^fp]C0>E 
Sm* (T^-f *>h%2 4 artgB<DjgS^-^^M 
t^ffiifni) ^77-f^>h^2 4a^lT77 
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9 ocas n«. i«nsi9 0Tit » 

f-?WST10ttlf« (fM4 4, 16©tHH 
fit) t^S^T, ±E7?-f *>httttfl(ftC*l*« 
SfpV— 2?Mal, Mb 2, Mc, M d 

[0103] (3) #nz. ^mmmm9 otn ±«b<& 

SfY-^Mal, Mb 2, Mc, M d ©ffi«ffi£#«> 
fcfc*££<H#K:LT, r )XAWl±^>ft<tt)3 10 

I^(D^XAXf-^WS T 1 (Oig (Wfl- 1 6 , 4 , 
4K£0if$!l£n£) «k0, 75-f J* > hP**KS5±T? 

[0104] (4) #iiz, 3=mmmw9 oth ±t?w- 

ibfCi7XAM^H 1 fig(Dl¥Y-^M a 1 , Mb 20 
2, Mc, MdOmm&O. i/hgSSlCi^T^XA 
*J^H 1 OtifciSStf EKEfl 1 Sr*abT, ^CD 

[0 10 5] (5) ^<D'&. OT'te, <^X 

AW1 ±(DT^-f hV- £<D7^-f ;*> h^Jig^ 

4 4 2 9#»* (Rtf2inH»*-r**H4*«F*4. 7 30 

8 0, 6 17^) &£fc|ISSn*J:'5K, x>a>x 

h • {fu—JW • 77-f *>h (EGA) :&5££>&cfHffl 
lO^r^S^ffl^T^XAW 1 ±(^) i #SCD>^3 y b 

m&tDm&mm (x s , y.) sftjrr*. 
[o i 0 6] uut, *;i/^ffi«»s»«-rsfc«>oas 

*T-JMal, Mb2, Mc, Md 0 Jg3£*ns 

^ne>77<^>hY-^^eis^*^ig 

*i*E*uaMm (X,, Y s ) tt«*tt*«i*n. "Tfeto-feas 
2pV— JMal, Mb2, Mc, Md©ffHBIRgi £HS 

[0 10 7] ±E(DK5UJffi« (Xi, Y s ) «^XA* 
;i^H 1 IC^&^XAW 1 ^va y h««<Offi*M£ 

mmmx^$>Ds -€-coss5»jjffi« (x,, y.) [iiaaig 

XttRCXYtt^bT^XA/Jx^^H 1 OlsltefilHtfBt 
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[0 10 8] Sfc, *>h«2 4 alt 

fi<Z)/2:#« C/D-KA>K) <D7^-f;*>h7fc£fll^ 
Tl>£*:#, S¥7-^Mal, Mb2, Mc, Md, 

£&«>fc:tt, 2*7C(D»2p^— £rfc"3tr>T^ft< <fcfcl 
5t*l:, "JxaWhiow-U^ (#18) fe 

77<^>h7-*f:^^Tt), */MRT**l«* 3<S 

© i ^TuoT^-r * > b v— ^<DfiB*thai-r-5ft:frtT 

t>&^**> *ir— U>f (X;frajRtfY;£r*J) ^BSXflf 

* l ^tccoz ^>f ;* > hT-^ fctfeafUT 6 <@ 

[0 10 9] ±f2<D'i7X/\X7 : — yWST 1 iO«)XA 

wn:Mt§77<^>hftmt ^xAXf-yWS 
T 2 b&^XAW 2 fc**-r*«3fc!&ff J: 0 jfcfc 

»7U ^XAXf-yWSTlH #«tt!Btft4. 
[0 110] (6) ttT, 9XAW2lCj*-rs«3t» 

*tttz>tz$>s mi\z7K'&nz>&o\z. ^xAXf-yw 

S T 1 SK»3t*» P L ©T*fc»»T4 C t fcft*. 

<&#»<w&*-e* iistftB i i YTSsnaf^n-e- 

A^!4i9 6b^e^ ^XAXf-^WS T 1 CD 
Ytt*l«J(Offi«ffl-«|*^nIfiBi&S. fut, £fM#Pg 
B9 0T11 *tf)J:5ftX5*c£LT, ^XAXr-yW 
STl.*i9*«4fe*PL<DT*K:»»T*. Tftfc>l3. 

£*J»S»9 OTtt, S?7->Mal, Mb 2, M 
c, Md©^ftl*\ MX.tfSip'?— JMa l3W7 5-f 
j*>h?&2 4 aOfilfrtfcttitSttKT, Xf-y 
MtfSt 7 0 Rtf X«iJ ZJ^-* 8 2 , 8 3&tfY«tt 
•JX7 : E^8 0 ^It^XAXr-yWST 1 
-B^i&*T^o ifcHT?. i«»8I9 0TH ^XAXf 
-yWS T 1 &Y^fa\zmVX&±Lfzftf&£:tSL2>± 
O ^> Xf-y»J88i7 0 ^lTY*iJx7t-^ 
8 0 ^^<Dch#cOYffiB^ggffi^LT1t— 7^$ijp-r^ 
iHRpJC, •JxAXf-^WS T 1 A^ft*ftfcftHlt 
*&SXa t*|*AXfcoe««»+X*lftfc|>iW"aj: 

otc, aasttB i ixt#-r*^*in 6 (DBYmm^'E 

Xf-^S?ii7 0$^LTXttUx7 
^-^ 8 2, 8 3»f5 6 linnet 0, 9lAXf 
-yWS T 1 X^f^iZ#»L, C^-)XA7f-y 
WSTl©8»i:ckt)» 75-f ^>h^ 2 4 acoitTfc 
tt«LT^fc*qsiv-^Ma 1 PLOltT 
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i/Uf-^WST HBCHHiBSlclT, Xr-y 
f^SPSB 7 0 ^LT'JXAXf-vWS T 2 

0, 77<^>h^24 bT'^XA7T-yWST2± 

[oiii] (7) *<d'&. nmw&m9 o-e«, 01 
ic^n^^ic, RM2 j en 10 

*TiS»3tt#*PLt^UT*»^-^Ma 1, Ma 2 , 

±<£>S2pT-^Ma 1, Ma2tMnUf^^- 
^RMl, RM2O|ft<0ffi3*fi«©ttai^T5-f^>h 

i9 0i:MSft§. uit, ±ta offltt&B Steffi K 20 

-)X/Uf-^WSTl©fifH aOSIftBI2Y, B 
I lXT«**n*l^)t**PL<Z)>fctt*IBjfti:'r* 

[0 1 1 2] (8) S£oT, £$9filgB9 0T11 ±K 
OffittftBteffi<D*£j!l£> ^<7)^^OSilSfflB I 2Y, 

b i 1 xs^n^n^rrs^tu 6, i 6<DWrnmt 30 

Ma-2 0lflt«t-. U^^;i^R± 

SIffll, Pf#Ol6ICJ:0«3ttttB GSW P L O 
ft** 'CO ^V-^fiFMalOS^-^Ma 

1, Ma2(DlgfiIt©fi:IH^ -rtttotttn-rn 

[0 113] U^^Jl/Y-^RMlWRM 

Ofc&^i^fc, l^^X^— i?RSTOEHift^lt 

[0 114] &43, 4 MSgl 9 0m Jif2^S)t>E 
fi (Slg5t**PL(Dl8:jK+iW i:S*T-^SFMa 
±<Dgepv— ^Ma 1 , Ma 2 CO&gftB<*:(£>&fiSS^ 
(DffHfMlCinx., S**^— ^1SFMb±(DS^— ^Mb 
1-Mb 3 t U^^;i/±tJBfiE*n&^^;UT—^i: 

M4 1 (Xtt4 2) £/B^TfHBIU 50 
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yRST <D+&m £ £ X A X yWST 1 tfH^ffO 

[0115] o) -eco^, ±$!i»gt9 om 

T-i7Mal, Ma2 0Xlg, Yffi«£JBlrvr\ 
Y«|*|p]^(0*7-fey K R^lsJ^a 2*1^. 

g»±T'0»)XAWl^>3y h««(DlE#l&« (X 
i, Y f ) *3tl^Jffi«*lC*»*^XAWl 
0>*5/3y HJSt*OEW*ai (XAt, YA,) £»ffiT 
dtoK^JJ&gt (XA, , YA,) £fflV>£>£, ^XA 
Wl±(D&->3 7hS«0)ti>t, U^^;i/RCDA^- 

i«li819 0t:J:D, ^7-31, 3 2**®ft 

2 fc»TS«3tt£EI«fc LT^XAXf-yWS T 1 ± 

[0 116] fcufe, M^i-Slc^^-fcy 

«4 1, 4 2©- *£ffi^T^ft<£t>3:3<Z>S^T- 
* Steffi LT, *fc»T*ftS¥^--*0> 

±TCD»^XAXr-y <DXj& 

T, *©ffiS«±T<0&>'3 y hffi«<Z>IB?«ffig£gffi 

TCDffiSHit, *;^m*±1f ©fi«H t S E G A* 

*±TO*'>3 y h»«©EWlfi«SJI|Cffi-r«J:5K:L, 
[0 117] JKDcfcSfc. *;^i«f±TO>)XAW 

io*^3*;hMoE?«« ex,, y.) mmm 

[0 118] — «i7XA77-yWST2±T11 ± 
SO^XAXf-yWST 1 fflT^XAW 1 Kl*rr*« 
JfoOTrtoftSOfcattr LT, 77-f^>h^24b<^)T 

#©£xAX»ffiHT^HSa£xA£ifcft«K:«fc 0 ^ 
xASafcjtfffott, f^M^^xA (fl£i:± r^x 
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[0 119] ^tlsT* 9lAWlt»TSIXitt#* 
7l/fc^t, ^XAXf-yWS T 1 tfm 2 \Z7jk2tl 
£ftg (77-f/>h^24a^) lZ»»TZ££ 

7*1 hWjfcififft>n, ^X/Uf-yWST2^g 
P L coTTj L , KttbTgft 

AXr-yWST 1 (XHWST2) ±©«5X/\l:»t 
^©TtKjf^tMfTbT, W^^XAXf-yWST 2 
(XttWSTl) ifB'JXA^, 77< ^>h»fp 10 

©B5K&B1 OTte, ^XAXf-yWSTl (XteW 
ST 2) ±JC*5V>T, ^XA^MHl (X«H2) <h ; 

>X»fcttR<0X*P' , 7—i7Ma 1-Md (XHMaT 
-Md' ) 3&^«LTiBB$tlfc40CDS*V-^«F 
Ma-FMd (XliFMa' -FMd' ) ^XAzfr 

;u^ofliatRW6nTv^. £ii^i9oc 20 

fe£ttft<Z)£2r?— l¥7-^7fiFMa-FMd 

[0 12 1] Sfc, 9lA*;^H 1 OU*ft2) <^4> 30 
¥7-i7Ma 1-Md (XttMaT -Md* ) Hfi&M 

SC^Tf, Cin^J;Dffl-JB!l»KO|pl±*HSCi*« 

SlI-JXA^^H 1 (XliH2) ©*&##firr*<0 

i^^'fr*****^ -e^^^ttS^V— 9&W<D 
^itotfWJfjS^fflS-r*. fi£oT, i«»819 0^ 40 
75-f * > h^^:^tf^:^ffl^T^XAX^-> ? ±^ 

tt, 77< h t T t Sffl x A±©iE 
*ltl:i5 9xAXr-^offiI!i-SIWpIigtftt), 50 



) #B8 2 002-231622 

30 

□TSott), mcttmmzk (sytmm®m ±T-mm 

Bo^y h^u>h^fe^^ia<c:t^:<, »>xA(oe 

[0 12 2] »)XA7f-yWST 1, WST2 

(FMa, FM a * ) £, YWt%l*UzmkG>&m^-9 
^ffiB$tlfcYtt^In]JCifflS<#^^2V-i7ffi (F 
Mb, FM b * ) i*t»nTH5. ZLOtztb. 

*«<D'hSKt» t>ViTttaqiv-^«**|E«*n*^x 
[0 12 3] ft*, ±S3*«»«T»4, £S2pv-;y 
Sq&T— (FMa-FMd, FMa' -FMcT ) 

-t&rc&iz, zL<D£5\zLrc ; b<D-z&2>tf, :ni:^b 

S^V-^^^XAX^-> ? ±tc:itS^bTfc^ 
<, S^^«-?XA^HMLTt)lK £ 

x A b #81 L fcg*f£ v - ^«^^XAXr-y 

[0 12 4] ±E*Jfi«ttTtt, MKoaqi^- 

^£&mbT^ ensigns (w-jBffi) fr&ftjvjfmm 

J^^Ii/^ 5 * —9 SWffl Lfc^Tff £ n5A 5 * 

>«24a, 2 4 blZ&-DT'P%L< £h 1 0©8?7 
-^£&tbLT?#£n£J^eiM£, / >ft<d:t)3^y 
3 y hi®f7 7</>h"7-^^ftl J Pn^aiLT / # 

zmt&i'B v bmm<DmmM&nmi,. *<d&i£<£ 

t#e»ni)Ji^Ii:$fel:ftBLfcSgtt(Dliil:S^^ 

SiCOE^J^S (X,, Y,) ^LTfc&K 

[0 12 5] ±.3&nffiJ&mz$>\,*T\Z* >i7XAX 

f-yWST l?:77^/>hS24 a^>T7j 2 tC 
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«S-ft*tt«) ^e>&fg7fc^PLtf>T^ (HI ICS* 

nzvtm) \z&W)-?z>m (i^iiiwxAXf-yws 

T2^77-f^>f^24b(DT* (HlKSSnatt 

fciMWSHE) ir, ^xA/fr^ch^xA, ffi^TttS 

9 « 1 9 XA <h ©ffittffiRWff Hit* * JEttfcfc 
L&lr^t^SSLV^o ^XAXf-yWST 
1 (XBWST2) (B^XA3M^fttf£2pV— 

^ ^x/\&^S2pT-^«<7)ias^-^«tl#'rSct: 
[0 12 6] **v-^ftthas/-^r>^K:*i; 

[0 12 7] ±E*«»tBT»i. mm^-Zfa* 

[0 12 8] 0 5 Kite, ll«l{SJI:iS-5XAXf 
-yWST' #SShT^«. £©05**6 J: 
5fc, ^XAXr-yWST' ±<Btf xa#;1/^<0JHjH 

l:«3^(^)I¥T-^tFMe, FMf , FMgrt*Rt* 
SnT^S. ^n^> 3 ^7^FM e , FM 

f, FMgn *xA*;i^<D+-£>Hc f £rt«Kwr 

5Zftf EA' OKHEBjftttlWcEBSnT^*. 
5*5, !)I/\WOB5tiWT« (-YfifJ) fCtgtte 30 
tltSipT-^fiFMetH 0 4 K^ttSSipv- 
^ tE F M a t m m \Z - BB— *f © R A iMT H P# stzftl 
Tt5 20©S¥7-^Mel, Me2*MSftT* 
9, -e<£ffi<Dg£f^-^1gFM f , FMgtCte* 03K 
^£n5S*Pv--:S7l£FMc, FMdtm ffiB*;U' 

[0129] uoa5©»«^t), Jtia^ss^^ 

*TH3m£=ftjg<Dfi«EA' £>|*3 

teBOIf^ilg^tca^V^T^XA^^^'^***^ 

T&itt&m ^x o x./\x'r—zs±\zm\'tt>ntz&mw> 
mmzttwizftfzT^'i *> h7- ^oeewffisffl^i 

TEGASffSfrSCtfcJ;?), -t<0«JM6*T*a« 50 
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i^7/-^ (X, Y*;7lzyK D— ^-~>aX £ 

gp^f>3 ? hmmizttrnztifcT?^ *>h~?-2(D& 
wmmzm ^x e g Agcg^fr 5 s^kh^t* < r a 

So 

[0 13 0] »7-JfiR±OB|||^ Bf^O 

[0 13 1] &*5, ^XAX^-V±<DS*PV--£1££> 

SHBchbT^, **»0B J C»±B*«»»©J:5ttBBK: 

ttB-r*«k , 5fc*W-ir«*EB-rntfA<, 

EBffiBfco^TJiffA^RSTSCt^lBT* 

So ■ 

[0 13 2] 0 6lCte, l2(^»]l:i§'>XAXT 
-yWST" ^$ntl/^ 9 £<&^2<D&Jg08K:«5 
OXAXf-yWST" Ttt, 0 6^£>#^£ e fc5K, 
^7XA^;i/^Oia^^2^<DS2pT— £1£FMh, FM 

[0 133] ^n^2^©l¥*?-^fiFMh, FMi 
te, «JXA*;^Oti>SI«a8EA" ±<£>4>4>K:W 
LTESftHEtSnT*!), ^fiFMh, F 

M i fcli, 03^^Sn5S2p*T— ^fiFMc, FMd 

[0 13 4] 2^©**^— *«££©J:3fcE«-r* 

JHfi*JcS^T^xA*;u^©itiii>s*«)S«^ * 

SW*frtt3 dtJckO, 9xA*;i'j'0if><b&flljft& 

t^^^Ig^ £ ft S SAW lr 

T#So iMHS19 0m 75<;<>h^£ 

:: F*tht*ffl^T^XA±C0MIBilll±^#aEt"S7^ 

«»±t#«k c:ns*;p^ffiS*ic*frt*eB««fc 

^Ift-rsei^^ctO, WAH OXAXr-yOfii^ 
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34 



mm nt \z&zs^xmrzum^±x7 ? o > h 

££*»T. 2^0Slp7-^«M ri Rlttt«VSEM3R 10 

fc, H10BJtS«tt2 0OX/Uf-y*ft'5t) 

S£iT?— £tt 1 £ 2#7nv-^<ov>Tmr 

[0 13 5] «rJ6o*Jfi»!8Ttt»q5T— 
fc**, ^fLfeS^y-JSSfioSiit^xA^l 

iBo^ajBiB-cfiiajg^* p l £&/u-e 2 ocdt ^< 

^>h^2 4a, 2 4b£K«U ^X/\7f-yWS 
Tl$:77</>h^24 aifi»3e**PLi©WT 
Ml, ^X7f-yWST2^77^^>h«2 4 b 
fcaM**PLtO|»T»lt5t)Otbft^ fcl*. 
tiW0 9 8/4 0 7 9 l^l:HSSnT^5J:5^ T 
7</>h^24a, 2 4 b<£>— 2r®&£KM\ —Jj<D 
Tv^ ^>HRta»***PL4:OlBT20©CrXA 30 

/Uf-yWSTl, WST 2 ^tcd^xacd®^ 
«hMfrbT, ffi^^XAXr-yT(D7 7^ ^ > 
2 4 a, 2 4 bfcJ:^^x/\±<Dv— 
fcflftejfc^* PLTffll/^n5AFt>f(!:B 
1z>*£JBfr>T£XAJi(C>>'3 y h®^CDg:MtS?fi£^ 

[0 13 6] ±E*«5»IBTHU 3fci©£LTKr 

FX^yTU-lf, A r FX+i/^lx— tffe£<0SR^3t 

F, if«(DK^K^tt©A;P^U-if3tJRS 40 
ffl^5fe©tLfc^ ^ntHSfA r, U— IfJfcjK 

(Ub*J&gl 2 6 nm) ^^ODiOS^M^ffl^ 

if3tSr, 0»j*.«x;Hf£A (E r) 
(XteXJUf^Aii-f yf^K (Yb) 



50 



[0 13 7] 35c*, ±E*»»IBTtt, Xr^y-7> 
[0 13 8] «*OI/>X*6i*Sn5BW 

y*i)xA7f-ys«3t8l*#i:«Dft»TE»* 

m^i:l:J;D, ±E^J**®ft3KSBeKJftT« 

>K^*^a $ nfc * u - »v— a -e ff 5 zl t &m * l 

[0 13 9] *»Ktt, ¥*#SSAICE)S3Ktt> 

\zmzr. m^m^mTUii^ts^^ x-yu^ comm. 
\zm^*>nz>* fA-fx/^->.^^7xyi/-h±i: 

5*A-f x;^->St 9 ^ v ^9XA±CKft-BB3t 
ttB* KtfSlkX?- (CCD&f) , 7^f^D7y>, 
DNA^^y^^CDKigJCffl^en^S^feB^iffCfe 

U3>^XA3tti:Jc|iIKA^->se9-r*»3tt««lr 

:j:t\ duv GajRft) 

vuv (x^jk^) .ji6aift«^*«*««Tf»4— «fla 

^□^y^f^K^Xil^gl, xtem^mR^g 

[0 14 0] ±5SLfc*3BMO*lS»ttR«-tC!)*»« 

\zmm?z>x&*>Oo ±T(Dz:?Lfrtf]m* bj& 

[0 14 1] 

[0142] Sfc, f»*3S 5-19 CBIK0£JE3feSlt 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce a substrate stage in 
size and an aligner in footprint. 

SOLUTION: A plurality of reference mark plates (FMa to FMd, 
FMa' to FMd'), where a plurality of reference marks are 
arranged dispersedly for each measurement sequence for use, 
are arranged around substrate holders (H1 and H2), so as to 
keep the positional relation between a substrate and the 
substrate holder constant on substrate stages (WST1 and 
WST2). Therefore, the reference mark plates can be arranged in 
a small space on the substrate stage. Various measurement 
sequences, containing a detecting operation of detecting 
position data on the reference marks by the use of a mark 
detection system, are executed by a control device. Therefore, 
the substrate stage can be reduced in size, keeping its 
measurement functions unchanged and furthermore the aligner 
can be also reduced in footprint. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The substrate attachment component holding a substrate; stage equipment equipped with the 
substrate stage where two or more reference marks distributed, and have been arranged for every 
measurement sequence for which they are used so that physical relationship with said substrate attachment 
component may become fixed while laying said substrate attachment component and carrying out two- 
dimensional migration, and;. 

[Claim 2] Said two or more reference marks are stage equipment according to claim 1 characterized by 
being at least three reference marks arranged, respectively near each top-most- vertices location of a polygon 
including the core of said substrate attachment component. 

[Claim 3] Said two or more reference marks are stage equipment according to claim 1 characterized by 
including the 1 st reference mark and the 2nd reference mark which have been arranged in the opposite hand 
about said core on the straight line passing through the core of said substrate attachment component. 
[Claim 4] Stage equipment given in any 1 term of claims 1 -3 to which it is prepared around said substrate 
attachment component on said substrate stage, and at least one of said the reference marks is characterized 
by having further two or more reference mark plates formed, respectively. 

[Claim 5] It is the aligner which exposes a substrate by the energy beam and forms a predetermined pattern 
on said substrate. The substrate attachment component which is laid on the substrate stage which carries out 
two-dimensional migration, and the; aforementioned substrate stage, and holds said substrate; It is prepared 
around said substrate attachment component on said substrate stage so that physical relationship with said 
substrate attachment component may become fixed. Two or more reference marks distribute for every 
measurement sequence used. Two or more arranged reference mark plates and the mark detection system 
which detects the mark which exists on the; aforementioned substrate stage; the various measurement 
sequences which include the detection actuation which detects at least one of said two or more of the 
reference marks using said mark detection system, respectively The control unit to perform and an aligner 
equipped with;. 

[Claim 6] It has further the location metering device which manages the location of said substrate stage on a 
rectangular coordinate system. Said two or more reference mark plates The 1st mark plate extended long 
and slender to the 1 st shaft orientations by which two or more reference marks have been arranged in 
accordance with the 1 st shaft orientations on said rectangular coordinate system, The aligner according to 
claim 5 characterized by including the 2nd mark plate extended long and slender in the 2nd shaft 
orientations by which two or more reference marks have been arranged in accordance with the 2nd shaft 
orientations which intersect perpendicularly with said 1st shaft orientations. 
[Claim 7] The mask with which said pattern was formed The driving gear which carries out the 
synchronized drive of the mask stage and the; aforementioned mask stage to hold, and said substrate stage in 
accordance with said 2nd shaft orientations; the mark detection system for masks of a couple and; which 
were formed in the both sides of said 1 st shaft orientations of said pattern of said mask and which measure 
the mask mark of a couple at least Furthermore, have and the die length of said 1st shaft orientations of said 
1st mark plate is mostly made into the die length corresponding to the distance during the mask mark which 
accomplishes said pair. The aligner according to claim 6 characterized by considering as slightly bigger die 
length than die length required for the die length of said 2nd shaft orientations to form said reference mark. 
[Claim 8] The mask with which said pattern was formed The mask stage and; to hold Said mask stage and 
said substrate stage The driving gear which carries out a synchronized drive in accordance with said 2nd 
shaft orientations, and the mask side location metering device which measures the location of the; 
aforementioned mask stage; It has further the mark detection system for masks and; which measure two or 
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more pairs of mask marks formed in the both sides of said 1 st shaft orientations of said pattern on said mask. 
The aligner according to claim 6 characterized by making mostly the die length of said 2nd shaft 
orientations of said 2nd mark plate into the die length corresponding to the die length of said 2nd shaft 
orientations of said pattern, and considering as slightly bigger die length than die length required for the die 
length of said 1 st shaft orientations to form said reference mark. 

[Claim 9] It is the aligner which exposes a substrate by the energy beam and forms a predetermined pattern 
on said substrate. The substrate attachment component which is laid on the location metering device which 
measures the location of the substrate stage which carries out two-dimensional migration, and the; 
aforementioned substrate stage, and the; aforementioned substrate stage, and holds said substrate; It is 
prepared on said substrate stage so that physical relationship with said substrate attachment component may 
become fixed. The core of said substrate attachment component Said mark detection system and said 
location metering device are used. The mark detection system which detects the mark which exists on said 
substrate stage containing at least three reference marks arranged near each top-most-vertices location of the 
included polygon, respectively, and the; aforementioned reference marks; One of the at least three reference 
marks Or the control unit which performs the various measurement sequences which include the detection 
actuation which detects plurality, respectively and an aligner equipped with;. 

[Claim 10] The aligner according to claim 9 with which it is prepared around said substrate attachment 
component on said substrate stage, and at least one of said the reference marks is characterized by having 
further two or more reference mark plates formed, respectively. 

[Claim 1 1] The aligner according to claim 10 with which said at least three reference marks are 
characterized by distributing for every measurement sequence by which they are used, and being arranged at 
said two or more reference mark plates. 

[Claim 1 2] The location of said substrate stage is managed on the rectangular coordinate system by said 
location metering device. Said two or more reference mark plates The 1st mark plate extended long and 
slender to the 1st shaft orientations by which two or more reference marks have been arranged in accordance 
with the 1st shaft orientations on said rectangular coordinate system, The aligner according to claim 10 or 1 1 
characterized by including the 2nd mark plate extended long and slender in the 2nd shaft orientations by 
which two or more reference marks have been arranged in accordance with the 2nd shaft orientations which 
intersect perpendicularly with said 1st shaft orientations. 

[Claim 13] Each of said at least three reference marks is an aligner according to claim 9 characterized by 
being formed in said substrate attachment component. 

[Claim 14] It is the aligner which exposes a substrate by the energy beam and forms a predetermined pattern 
on said substrate. The substrate attachment component which is laid on the location metering device which 
measures the location of the substrate stage which carries out two-dimensional migration, and the; 
aforementioned substrate stage, and the; aforementioned substrate stage, and holds said substrate; It is 
prepared on said substrate stage so that physical relationship with said substrate attachment component may 
become fixed. It is related with said core on the straight line passing through the core of said substrate 
attachment component. The 1 st reference mark and the 2nd reference mark which have been arranged in the 
opposite hand Said mark detection system and said location metering device are used, at least two included 
reference marks and; ~ the mark detection system which detects the mark which exists on said substrate 
stage containing said at least two reference marks, and; — one or more of said at least two reference marks 
The control unit which performs the various measurement sequences which include the detection actuation 
to detect, respectively, and an aligner equipped with;. 

[Claim 1 5] The aligner according to claim 14 characterized by having further two or more reference mark 
plates with which it was prepared around said substrate attachment component on said substrate stage, and 
either of said at least two reference marks was formed. 

[Claim 16] The aligner according to claim 15 with which said at least two reference marks are characterized 
by distributing for every measurement sequence by which they are used, and being arranged at said two or 
more reference mark plates. 

[Claim 1 7] The location of said substrate stage is managed on the rectangular coordinate system by said 
location metering device. Said two or more reference mark plates The 1st mark plate extended long and 
slender to the 1 st shaft orientations by which two or more reference marks which contain said 1 st reference 
mark in accordance with the 1 st shaft orientations on said rectangular coordinate system have been arranged, 
The aligner according to claim 15 or 16 characterized by including the 2nd mark plate extended long and 
slender in the 2nd shaft orientations by which two or more reference marks which contain said 2nd reference 
mark in the 2nd shaft orientations which intersect perpendicularly with said 1 st shaft orientations have been 
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arranged. 

[Claim 1 8] Each of said at least two reference marks is an aligner according to claim 14 characterized by 
being formed in said substrate attachment component. 

[Claim 19] The location of said substrate stage is an aligner given in any 1 term of claims 14, 15, 16, and 18 
to which said straight line which is managed on the rectangular coordinate system by said location metering 
device, and connects said 1 st reference mark and said 2nd reference mark is characterized by having about 
45 -degree dip to both the axes of coordinates of said rectangular coordinate system. 



[Translation done.] 



) 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to stage equipment and an aligner, and relates to stage 
equipment applicable suitable for the aligner and this aligner which expose a substrate by the energy beam 
and form a predetermined pattern on said substrate in more detail. 

[0002] ■;■ 

[Description of the Prior Art] Conventionally, at the lithography process for manufacturing a semiconductor 
device, a liquid crystal display component, etc., the aligner imprinted on substrates (it is hereafter named a 
"wafer" generically), such as a wafer with which the pattern formed in a mask or reticle (it is named 
"reticle" generically below) was applied to the resist etc. through the projection optical system, or a glass 
plate, is used. The scanning projection aligner (the so-called scanning stepper) of step - which added 
amelioration to the cutback projection aligner (the so-called stepper) of a step-and-repeat method and this 
stepper with high integration of a semiconductor device at recent years, and - scanning method etc. has the 
projection aligner of a migration mold in use serially. 

[0003] Since a semiconductor device etc. piles up the pattern of two or more layers and is formed on a 
wafer, it needs to carry out superposition of the pattern already formed on the wafer, and the pattern formed 
in reticle to high degree of accuracy in aligners, such as a stepper. For this reason, it is necessary to measure 
to accuracy the location of the shot field in which the pattern on a wafer was formed, and measuring the 
location of the alignment mark attached to each shot field as this approach using various location 
measurement sensors is made. 

[0004] Moreover, on the wafer stage which holds a wafer for this measurement, the fiducial mark plate 
(reference mark plate) with which two or more kinds of reference marks used as the criteria which measure 
the physical relationship of reticle, a projection lens, and a wafer were formed is formed near the wafer. 
[0005] One sheet of this reference mark plate is usually arranged on the wafer stage, it is measuring the 
reference mark formed on the reference mark plate, and management of the conversion rate for drawing 
distance from management of the relative distance between location measurement sensors, the 
perpendicularity of the stage interferometer which measures the location of a stage, and the count of the 
interference fringe measured by the stage interferometer etc. is performed. 
[0006] 

[Problem(s) to be Solved by the Invention] However, when one reference mark plate performs measurement 
for these managements, in order that the span of the measurement distance may receive constraint with the 
size of a reference mark plate, there is a possibility that measurement precision may fall by this. 
[0007] For this reason, although it is possible to expand the size of a reference mark plate as a means which 
raises measurement precision, we are anxious about enlargement of a stage being caused. If it is in an 
aligner equipped with two or more substrate stages which attract attention especially recently, since it is 
necessary to secure the actuation range of a stage very widely, it also has the inconvenience of increasing 
the footprint of equipment inevitably. 

[0008] Moreover, in the case of an aligner equipped with two or more stages mentioned above, only one is 
equipped with the optical system for exposure in many cases, and there is an inclination which an exposure 
location and an alignment location separate from the need of preventing interference of stages in such a 
case, distantly. For this reason, the interferometer optical axis which measures the location of a stage 
between an exposure location and an alignment location will separate from a stage. However, even if it is 
such a case, it is necessary to manage the relative position to the optical system for exposure and the mask 
of a substrate on a stage with a sufficient precision. 
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[0009] This invention was made under this situation and the 1 st object is in offering the stage equipment 
which can attain the miniaturization, with a measurement function maintained. 

[0010] Moreover, the 2nd object of this invention is to offer the aligner in which the miniaturization of a 
substrate stage and curtailment of an equipment footprint are possible. 

[001 1] Moreover, the 3rd object of this invention is to offer the aligner [ the miniaturization of a substrate 
stage and curtailment of an equipment footprint are possible, and ] which can always manage the location of 
a substrate with a sufficient precision. 
[0012] 

[Means for Solving the Problem] The substrate attachment component to which invention according to 
claim 1 holds a substrate (Wl, W2) (HI, H2); while laying said substrate attachment component and 
carrying out two-dimensional migration Two or more reference marks (Mal-Md, or Mh, Mi) are stage 
equipment equipped with the substrate stage (WST1, WST2) distributed and arranged for every 
measurement sequence for which they are used, and; so that physical relationship with said substrate 
attachment component may become fixed. 

[0013] According to this, for every measurement sequence for which they are used, two or more reference 
marks distribute and are arranged so that physical relationship with a substrate attachment component may 
become fixed on a substrate stage. For this reason, each reference mark can be arranged, for example so that 
it may become a certain amount of spacing mutually at the periphery of a substrate attachment component. 
By this, sufficiently large spacing between reference marks (distance) can be taken, constraint of a 
measurement span can be eased, and, thereby, improvement in measurement precision can be aimed at. 
Moreover, each reference mark can be arranged to few tooth spaces on a substrate stage. Since two or more 
reference marks distribute and are arranged for every measurement sequence for which they are used, the 
function about measurement is maintainable. Therefore, the miniaturization can be attained, with a 
measurement function maintained. 

[0014] In this case, it can be supposed like stage equipment according to claim 2 that they are said two or 
more reference marks (Mal-Md) at least three reference marks arranged, respectively near each top-most- 
vertices location of a polygon including the core of said substrate attachment component. Since the core of a 
substrate attachment component exists in the interior of the field of the polygon which is surrounded by the 
reference mark in this case, when searching for the core of a substrate attachment component based on the 
measurement result of the location of a reference mark, the central point is equivalent to a interpolation 
point, if a reference mark location says. It can ask for the attachment component system of coordinates 
which make the core of a substrate attachment component a zero with to some extent high reliability by 
following, for example, performing a predetermined operation based on the positional information of a 
reference mark. 

[0015] In stage equipment given in above-mentioned claim 1, said two or more reference marks can be 
supposed that the 1 st reference mark and the 2nd reference mark (Mh, Mi) which have been arranged in the 
opposite hand about said core on the straight line passing through the core of said substrate attachment 
component are included like stage equipment according to claim 3. Since the 1st reference mark and the 2nd 
reference mark are arranged in the opposite hand about the core on the straight line passing through the core 
of a substrate attachment component, in this case, spacing between both reference marks can be taken to the 
die length of diameter extent of a substrate attachment component, constraint of a measurement span can be 
eased, and, thereby, improvement in measurement precision can be aimed at to it. Moreover, two reference 
marks are able to compute easily the main coordinate and angle of rotation of a substrate attachment 
component from a symmetrical thing to the core of a substrate attachment component, for example. 
[0016] With each stage equipment given in above-mentioned claims 1-3, although said each reference mark 
may be directly formed on the substrate stage, it was prepared around said substrate attachment component 
on said substrate stage like stage equipment according to claim 4, and at least one of said the reference 
marks may be further equipped with two or more reference mark plates (FMa-FMd, FMa f -FMd') formed, 
respectively, for example. 

[001 7] Invention according to claim 5 is an aligner which exposes a substrate (Wl, W2) by the energy beam 
(IL), and forms a predetermined pattern on said substrate. It is prepared around said substrate attachment 
component on said substrate stage, the substrate stage (WST1, WST2) which carries out two-dimensional 
migration, and; — the substrate attachment component (HI, H2) which is laid on said substrate stage and 
holds said substrate, and; — so that physical relationship with said substrate attachment component may 
become fixed Two or more reference marks distribute for every measurement sequence used. Said mark 
detection system is used, two or more arranged reference mark plates (FMa-FMd, FMa'-FMd') and; — the 
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mark detection system (24a, 24b) which detects the mark which exists on said substrate stage, and; — at least 
one of said two or more of the reference marks They are the control unit (90) which performs the various 
measurement sequences which include the detection actuation to detect, respectively, and an aligner 
equipped with;. 

[0018] According to this, two or more reference mark plates with which two or more reference marks 
distributed, and have been arranged for every measurement sequence used are formed around the substrate 
attachment component so that physical relationship with a substrate attachment component may become 
fixed on a substrate stage. For this reason, a reference mark plate can be formed in few tooth spaces on a 
substrate stage. Moreover, since the various measurement sequences which include the detection actuation 
which detects at least one of two or more of the reference marks using a mark detection system with a 
control unit, respectively are performed, the function about measurement is maintainable. Therefore, it 
becomes possible to aim at miniaturization of a substrate stage, as a result curtailment of the footprint of 
equipment, with a measurement function maintained. 

[0019] When it has further the location metering device which manages the location of said substrate stage 
on a rectangular coordinate system like an aligner according to claim 6, in this case, said two or more 
reference mark plates The 1 st mark plate extended long and slender to the 1 st shaft orientations by which 
two or more reference marks have been arranged in accordance with the 1 st shaft orientations on said 
rectangular coordinate system, Suppose that the 2nd mark plate extended long and slender is included in the 
2nd shaft orientations by which two or more reference marks have been arranged in accordance with the 2nd 
shaft orientations which intersect perpendicularly with said 1 st shaft orientations. 

[0020] in this case, like an aligner according to claim 7 The mask (R) with which said pattern was formed 
the mask stage (RST) to hold and; — the driving gear which carries out the synchronized drive of said mask 
stage and said substrate stage in accordance with said 2nd shaft orientations, and; — it was formed in the 
both sides of said 1st shaft orientations of said pattern of said mask — at least the mask mark of a couple 
When it has further the mark detection system for masks of a couple (41 42) and; to measure, Suppose that 
the die length of said 1st shaft orientations of said 1st mark plate is mostly made into the die length 
corresponding to the distance during the mask mark which accomplishes said pair, and it considers as 
slightly bigger die length than die length required for the die length of said 2nd shaft orientations to form 
said reference mark. In this case, the mark detection system for masks of a couple enables the mask mark of 
said couple simultaneously to form on the 1 st mark plate in the reference mark of a measurable couple. 
[0021] In an aligner given in above-mentioned claim 6 like an aligner according to claim 8 The mask with 
which said pattern was formed The mask stage and; to hold Said mask stage and said substrate stage The 
driving gear which carries out a synchronized drive in accordance with said 2nd shaft orientations, and the 
mask side location metering device which measures the location of the; aforementioned mask stage; When it 
has further the mark detection system for masks and; which measure two or more pairs of mask marks 
formed in the both sides of said 1st shaft orientations of said pattern on said mask, Suppose that the die 
length of said 2nd shaft orientations of said 2nd mark plate is mostly made into the die length corresponding 
to the die length of said 2nd shaft orientations of said pattern, and it considers as slightly bigger die length 
than die length required for the die length of said 1st shaft orientations to form said reference mark. It 
becomes possible to form the reference mark which can perform scaling doubling of the mask side location 
metering device and the location metering device which measures the location of a substrate stage 
performed using predetermined one side of the mark detection system for masks in this case on the 2nd 
reference mark plate. 

[0022] Invention according to claim 9 is an aligner which exposes a substrate (Wl, W2) by the energy beam 
(IL), and forms a predetermined pattern on said substrate. The substrate stage which carries out two- 
dimensional migration (WST1, WST2); the location of said substrate stage It is prepared on said substrate 
stage, the location metering device (16, 18, 44, 46, 48) to measure and; — the substrate attachment 
component (HI, H2) which is laid on said substrate stage and holds said substrate, and; — so that physical 
relationship with said substrate attachment component may become fixed The core of said substrate 
attachment component at least three reference marks (Mal-Md) arranged near each top-most- vertices 
location of the included polygon, respectively, and; — the mark detection system (24a, 24b) which detects 
the mark which exists on said substrate stage containing said reference mark, and; — said mark detection 
system and said location metering device They are the control unit (90) which performs the various 
measurement sequences which include the detection actuation which uses and detects one or more of at least 
three reference marks, respectively, and an aligner equipped with;. 

[0023] According to this, since each reference mark is arranged near each polygonal top-most-vertices 
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location, sufficiently large spacing between reference marks (distance) can be taken, constraint of a 
measurement span can be eased, and, thereby, improvement in measurement precision can be aimed at. 
Moreover, since the core of a substrate attachment component exists in the interior of the field of the 
polygon surrounded by the reference mark, when searching for the core of a substrate attachment component 
based on the measurement result of the location of a reference mark, if a reference mark location says, it is 
equivalent [ the central point ] to a interpolation point. It can ask for the attachment component system of 
coordinates which make the core of a substrate attachment component a zero with to some extent high 
reliability by following, for example, detecting the positional information of each reference mark established 
on the substrate stage using the mark detection system and the location metering device in a control device, 
and performing a predetermined operation based on the positional information. Moreover, in a control unit, 
the positional information of the alignment mark which exists in the interior of said polygon on a substrate 
using a mark detection system and a location metering device is searched for on the system of coordinates of 
arbitration, for example, stage system of coordinates, and this is changed into the positional* information in 
said attachment component system of coordinates. Thereby, even if it is the case where it becomes 
impossible for the location of for example, a substrate stage to manage temporarily, based on the 
measurement result and the positional information in said attachment component system of coordinates, the 
positional information of said alignment mark can be searched for with high dependability on new system of 
coordinates by measuring a reference mark again on new system of coordinates. Therefore, it becomes 
possible to always manage the location of a substrate with a sufficient precision, without causing 
enlargement of a substrate stage, and amplification of the footprint of equipment for the same reason as the 
above-mentioned. 

[0024] In this case, although said each reference mark may be directly formed on the substrate stage, it was 
prepared around said substrate attachment component on said substrate stage like the aligner according to 
claim 1 0, and at least one of said the reference marks may be further equipped with two or more reference 
mark plates formed, respectively, for example. 

[0025] In this case, suppose that said at least three reference marks distribute to said two or more reference 
mark plates for every measurement sequence by which they are used, and it is arranged like an aligner 
according to claim 1 1 . It becomes possible to attain the miniaturization of the whole substrate stage and 
whole aligner with which the miniaturization of each reference mark plate, as a result a reference mark plate 
are arranged by distributing the marks which usually exist on a reference mark plate according to those 
measurement sequences in this case, maintaining the function. 

[0026] In each aligner given in above-mentioned claims 10 and 1 1 like an aligner according to claim 12 the 
location of said substrate stage It is managed on the rectangular coordinate system by said location metering 
device. Said two or more reference mark plates The 1st mark plate extended long and slender to the 1st shaft 
orientations by which two or more reference marks have been arranged in accordance with the 1st shaft 
orientations on said rectangular coordinate system, Suppose that the 2nd mark plate extended long and 
slender is included in the 2nd shaft orientations by which two or more reference marks have been arranged 
in accordance with the 2nd shaft orientations which intersect perpendicularly with said 1st shaft orientations. 
It becomes possible to attain the miniaturization of each reference mark plate, as a result the miniaturization 
of the substrate stage where a reference mark plate is arranged by distributing the reference mark existing 
[ many ] according to those activity modes in this case, maintaining the function. 
[0027] Moreover, when it was a scanning aligner and the 1st shaft orientations are made into the non- 
scanning direction of a substrate, the 1 st mark plate by for example, the thing to which it is supposed that it 
has the shot area size on a substrate mostly, and has slight magnitude in a scanning direction about this 
direction It becomes possible to form a measurable reference mark on a reference mark plate simultaneously 
with both eyes by the mark detection system for masks of one pair of two eyes which measure the mask 
alignment mark formed in the ends of a mask. It becomes possible to form the reference mark which can 
perform scaling doubling of the interferometer which measures the location of a mask stage where the 2nd 
mark plate has shot area size mostly, and is performed in a non-scanning direction by considering as slight 
magnitude about this direction on the other hand using the one eye of said mark detection system for masks 
when the 2nd shaft orientations are made into the scanning direction of a substrate, and the interferometer 
which measures the location of a substrate stage on a reference mark plate. 

[0028] In an aligner according to claim 9, it can be supposed like an aligner according to claim 13 that each 
of said at least three reference marks is formed in said substrate attachment component. 
[0029] Invention according to claim 14 is an aligner which exposes a substrate (Wl, W2) by the energy 
beam (IL), and forms a predetermined pattern on said substrate. The substrate stage which carries out two- 
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dimensional migration (WST1, WST2); the location of said substrate stage It is prepared on said substrate 
stage, the location metering device (16, 18, 44, 46, 48) to measure and; — the substrate attachment 
component (HI, H2) which is laid on said substrate stage and holds said substrate, and; — so that physical 
relationship with said substrate attachment component may become fixed It is related with said core on the 
straight line passing through the core of said substrate attachment component. The 1 st reference mark and 
the 2nd reference mark which have been arranged in the opposite hand At least two included reference 
marks (Mh, Mi); said at least two reference marks The mark which exists on said substrate stage to include 
The mark detection system to detect (24a, 24b); they are the control unit (90) which performs the various 
measurement sequences which include the detection actuation which detects one or more of said at least two 
reference marks using said mark detection system and said location metering device, respectively, and an 
aligner equipped with;. 

[0030] Since the 1st reference mark and the 2nd reference mark are arranged in the opposite hand about the 
core on the straight line passing through the core of a substrate attachment component according to this, 
spacing between both reference marks can be taken to the die length of diameter extent of a substrate 
attachment component, constraint of a measurement span can be eased, and, thereby, improvement in 
measurement precision can be aimed at. Moreover, since the core of a substrate attachment component 
exists on the straight line which connects both reference marks, when searching for the core of a substrate 
attachment component based on the measurement result of the location of a reference mark, the central point 
is equivalent to the interpolation point of a reference mark location. It can ask for the attachment component 
system of coordinates which make the core of a substrate attachment component a zero with to some extent 
high reliability by following, for example, detecting the positional information of each reference mark 
established on the substrate stage using the mark detection system and the location metering device in a 
control device, and performing a predetermined operation based on the positional information. In a control 
unit, the positional information of the alignment mark which exists on said straight line on a substrate using 
a mark detection system and a location metering device Moreover, the system of coordinates of arbitration, 
For example, by asking on stage system of coordinates and changing this into the positional information in 
said attachment component system of coordinates For example, even if it is the case where it becomes 
impossible for the location of a substrate stage to manage temporarily By measuring a reference mark again 
on new system of coordinates, the positional information of said alignment mark can be searched for with 
high dependability on new system of coordinates based on the measurement result and the positional 
information in the system of coordinates on said substrate attachment component. Therefore, the same 
reason as the above-mentioned enables it to always manage the location of a substrate with a sufficient 
precision, without causing enlargement of a substrate stage, and amplification of the footprint of equipment. 
Moreover, two reference marks are able to compute easily the main coordinate and angle of rotation of a 
substrate attachment component from a symmetrical thing to the core of a substrate attachment component 
in this case, for example. 

[0031] In this case, like an aligner according to claim 15, it is prepared around said substrate attachment 
component on said substrate stage, and suppose that it has further two or more reference mark plates with 
which either of said at least two reference marks was formed. 

[0032] In this case, suppose that said at least two reference marks distribute to said two or more reference 
mark plates for every measurement sequence by which they are used, and it is arranged like an aligner 
according to claim 16. 

[0033] In each aligner given in above-mentioned claims 15 and 16 like six equipments according to claim 
17 the location of said substrate stage It is managed on the rectangular coordinate system by said location 
metering device. Said two or more reference mark plates The 1st mark plate extended long and slender to 
the 1 st shaft orientations by which two or more reference marks which contain said 1 st reference mark in 
accordance with the 1st shaft orientations on said rectangular coordinate system have been arranged, 
Suppose that the 2nd mark plate extended long and slender is included in the 2nd shaft orientations by which 
two or more reference marks which contain said 2nd reference mark in the 2nd shaft orientations which 
intersect perpendicularly with said 1 st shaft orientations have been arranged. 

[0034] In an aligner given in above-mentioned claim 14, it can be supposed like an aligner according to 
claim 1 8 that each of said at least two reference marks is formed at said substrate attachment component. 
[0035] Moreover, in each aligner given in above-mentioned claims 14, 15, 16, and 18, like an aligner 
according to claim 1 9, the location of said substrate stage is managed on the rectangular coordinate system 
by said location metering device, and said straight line which connects said 1 reference mark and said 2nd 
reference mark can presuppose it that it has about 45-degree dip to both the axes of coordinates of said 
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rectangular coordinate system. 

[0036] Since the straight line which connects the 1st reference mark and the 2nd reference mark has about 
45-degree dip to the axis of coordinates of a rectangular coordinate system in this case, it becomes possible 
to measure a mark location in a precision equivalent about the direction of both axes of coordinates of a 
rectangular coordinate system. 

[0037] In addition, it is not necessary to necessarily detect the positional information (for example, 
coordinate value on the rectangular coordinate system which specifies migration of a substrate stage) of a 
reference mark in detection actuation of the reference mark in the aligner concerning this invention. For 
example, it is also good to use a reference mark by detection of the positional information (relative-position 
relation with a reference mark etc. is included) of the mark formed in a mask or a mask stage, the optical 
properties (projection scale factor etc.) of a projection optical system, etc., matching with mask system of 
coordinates and substrate system of coordinates, etc. For example, it can ask for the projection scale factor 
of a projection optical system easily by detecting the relative-position relation between two or more marks 
formed in a mask or a mask stage, and two or more reference marks on the substrate stage corresponding to 
this or the physical relationship of two or more marks by the side of a mask stage, and the physical 
relationship of two or more reference marks by the side of a substrate stage. It can ask by detecting the 
relative-position relation between two or more marks by which matching with mask system of coordinates 
and substrate system of coordinates was also formed at intervals of predetermined along the predetermined 
direction on the mask or the mask stage, and two or more reference marks on the substrate stage 
corresponding to this. 

[0038] Furthermore, the reference mark on a substrate stage contains the reference mark formed not only in 
the reference mark directly formed in a substrate stage, and the reference mark formed in the mark plate 
fixed to the substrate stage but in the mark plate fixed to a substrate attachment component or this by this 
invention. 
[0039] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt of this invention is explained based on drawing 
1 - drawing 4 . 

[0040] The outline configuration of the aligner 10 concerning this invention is shown in drawing 1 . This 
aligner 10 is an aligner of the scan exposure mold of so-called step - and - scanning method. 
[0041] This aligner 10 is mainly a scanning direction (here) about the illumination system 20 which 
illuminates the reticle R as a mask from the upper part by the exposure light IL, and said reticle R. The 
reticle drive system driven to consider as Y shaft orientations which are the space rectangular cross 
directions in drawing 1 , Stage equipment equipped with the wafer stages WST1 and WST2 as a substrate 
stage where is arranged under the projection optical system PL arranged under said reticle R, and this 
projection optical system PL, holds the wafers Wl and W2 as a substrate, respectively, and it moves in the 
two-dimensional direction independently, And it has the control system which controls these each part. 
[0042] Said illumination system 20 is constituted including the light source, the illuminance equalization 
optical system containing an optical integrator, the relay lens, the adjustable ND filter, the reticle blind, the 
dichroic mirror (all are un-illustrating), etc. so that it may be indicated by JP,10-1 12433,A, JP,6-349701,A 
(and U.S. Pat. No. 5,534,970 official report corresponding to this), etc. As an optical integrator, a fly eye 
lens, a rod integrator (internal reflection mold integrator), or a diffracted-light study component can be used. 

[0043] The lighting field part of the shape of a slit specified in this illumination system 20 with the reticle 
blind on the reticle R on which the circuit pattern etc. was drawn is illuminated with an almost uniform 
illuminance by the exposure light IL as an energy beam. Here, as an exposure light IL, vacuum-ultraviolet 
light, such as far-ultraviolet light, such as KrF excimer laser light (wavelength of 248nm) and ArF excimer 
laser light (wavelength of 193nm), or F2 laser beam (wavelength of 157nm), etc. is used. As an exposure 
light IL, it is also possible to use the bright lines (g line, i line, etc.) of the ultraviolet area from an extra-high 
pressure mercury lamp. 

[0044] Said reticle drive system is equipped with the reticle actuator containing the linear motor which is 
not illustrated [ which drives the movable reticle stage RST and this reticle stage RST in XY two- 
dimensional side along with the reticle base board 25 which holds Reticle R and is shown in drawing 1 ], 
and the reticle interferometer systems 28 as a mask side location metering device which manage the location 
of this reticle stage RST. 

[0045] When this is explained further in full detail, a reticle stage RST Floatation support is actually carried 
out on the reticle base board 25 through a non-illustrated non-contact bearing, for example, vacuum 
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precompression mold gas static pressure bearing equipment. With a non-illustrated linear motor The reticle 
coarse adjustment stage driven in the predetermined stroke range to Y shaft orientations which are scanning 
directions, It is constituted from the reticle jogging stage by which very small actuation is carried out by the 
drive which consists of a voice coil motor etc. to this reticle coarse adjustment stage in X shaft orientations, 
Y shaft orientations, and the direction (hand of cut of the circumference of the Z-axis) of thetaz. Adsorption 
maintenance of the reticle R is carried out through non-illustrated an electrostatic chuck or a vacuum chuck 
on this reticle jogging stage. In addition, although the graphic display is omitted, the reaction force 
generated by migration of a reticle coarse adjustment stage is eliminated by carrying out relative 
displacement of the needle and stator of a linear motor for driving a reticle coarse adjustment stage to the 
reverse sense mutually to the reticle base board 25 as indicated by JP, 8-63231, A (and U.S. Pat. No. 
6,246,204 corresponding to this) etc. 

[0046] As mentioned above, actually, although a reticle stage RST consists of two stages, it explains a 
reticle stage RST for convenience below as what is the single stage where a very small revolution of very 
small actuation of the X-axis and Y shaft orientations and the direction of thetaz and scan actuation of Y 
shaft orientations are made by the non-illustrated reticle actuator. 

[0047] As shown on a reticle stage RST at drawing 2 , the parallel plate migration mirror 39 which changes 
from the same raw materials (for example, ceramic etc.) as a reticle stage RST to the edge by the side of one 
of X shaft orientations (+X side) is installed by Y shaft orientations, and the reflector is formed in the field 
by the side of one of X shaft orientations of this migration mirror 39 of mirror plane processing. The 
interferometer beam from the interferometer shown by length measurement shaft BI6X which constitutes 
the interferometer systems 28 of drawing 1 towards the reflector of this migration mirror 39 is irradiated, 
and the location of a reticle stage RST is measured in that interferometer by receiving that reflected light and 
measuring the relative displacement over a datum plane. Here, the interferometer which has this length 
measurement shaft BI6X has two independently measurable interferometer opticals axis actually, and 
location measurement of X shaft orientations of a reticle stage RST and measurement of the amount of 
yawing (thetaz rotation) are possible for it. The interferometer which has this length measurement shaft 
BI6X is used in order to carry out the roll control of the reticle stage RST to reticle in the direction which 
cancels a relative revolution (rotational error) of a wafer based on the yawing information and X positional 
information of the wafer stage WST1 (or WST2) from an interferometer 16 (or 18) (refer to drawing 3 ) 
which have length measurement shaft BI1X by the side of the wafer stage mentioned later (or BI2X) or to 
perform alignment of the reticle of the direction of X, and a wafer. 

[0048] On the other hand, the cube-corner-reflector mirrors 35 A and 35B of a couple are installed in the 1 
side (space near side in drawing 1 ) of Y shaft orientations which are scanning directions (the scanning 
direction) of a reticle stage RST. And the interferometer beam shown in drawing 2 by length measurement 
shaft BI7Y and BI8Y to these cube-comer-reflector mirrors 35A and 35B is irradiated from the double pass 
interferometer of a non-illustrated couple. These interferometer beams are returned to the non-illustrated 
reflector established on the reticle base board 25 from the cube-corner-reflector mirrors 35A and 35B. And 
each reflected light reflected in the non-illustrated reflector is received with return and each double pass 
interferometer in the same optical path, and the relative displacement from the criteria location (it is a 
reflector on said reticle base board 25 at a reference position) of each cube-comer-reflector mirror 35 A and 
35B is measured. And the measurement value of these double pass interferometers is supplied to the stage 
control device 70 (refer to drawing 1 ), for example based on the average value, the location of Y shaft 
orientations of a reticle stage RST is computed by the stage control device 70, and the calculation result is 
supplied to a main control unit 90. The information on Y shaft-orientations location measured with a double 
pass interferometer is used for the reticle of calculation of the relative position of the reticle stage RST and 
the wafer stage WST1 (or WST2) based on the measurement value of the Y-axis interferometer 46 (refer to 
drawing 3 ) which has length measurement shaft BI2Y by the side of the wafer mentioned later, and the 
scanning direction at the time of the scan exposure based on this (Y shaft orientations), and the 
synchronousr control of a wafer. 

[0049] That is, the reticle interferometer systems 28 of drawing 1 are constituted from this operation gestalt 
by the double pass interferometer of a couple shown by the interferometer shown by length measurement 
shaft BI6X and length measurement shaft BI7Y, and BI8Y. 

[0050] In addition, it is necessary to use properly the raw material of the glass substrate which constitutes 
Reticle R according to the light source to be used. For example, when it is necessary to use the synthetic 
quartz (fluorine dope quartz) which fluoride crystals, such as a fluorite, and magnesium fluoride, lithium 
fluoride, or hydroxyl-group concentration is 1 00 ppm or less, and contains a fluorine in using the vacuum- 
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ultraviolet light sources, such as F2 laser light source, as the light source and uses an ArF excimer laser or a 
KrF excimer laser, it is also possible to use synthetic quartz besides each above-mentioned matter. 
[0051] As said projection optical system PL, it consists of two or more lens element which has the common 
optical axis of Z shaft orientations, and the dioptric system which has a predetermined cutback scale factor, 
1/5 [ for example, ], or 1/4 by the both- sides tele cent rucksack is used here. For this reason, the passing 
speed of the scanning direction of the wafer stage at the time of scan exposure of step - and - scanning 
method is set to 1/5 of the passing speed of a reticle stage, or 1/4. 

[0052] Said stage equipment is equipped with two wafer stages WST1 and WST2 arranged above the base 
board 12, the stage drive system which drives these wafer stages WST1 and WST2, and the interferometer 
systems as a location metering device which measures the location of the wafer stages WST1 and WST2 as 
shown in drawing 1 . Floatation support of the wafer stages WST1 and WST2 is carried out through 
predetermined path clearance through the non-illustrated non-contact bearing (it is hereafter called an "air 
pad"), for example, a vacuum precompression mold air static pressure bearing, above the base board 12. 
And the wafer stages WST1 and WST2 have composition which can be independently driven in the two- 
dimensional direction to X shaft orientations (space longitudinal direction in drawing 1 ) as the 1 st shaft 
orientations, and Y shaft orientations (the space rectangular cross direction in drawing 1 ) as the 2nd shaft 
orientations by the stage drive system. 

[0053] If this is explained further in full detail, the non-illustrated air pad is prepared in the base of the wafer 
stages WST1 and WST2 at two or more places, and where spacing of about several micrometers is 
maintained by balance of air ********** 0 f these air pads, and a vacuum precharge pressure, floatation 
support is carried out on the base board 12. 

[0054] On the base board 1 2, as shown in the top view of drawing 3 , the X-axis linear guides (for example, 
it consists of the magnetic pole unit having a permanent magnet) 86 and 87 of the couple prolonged in X 
shaft orientations separate predetermined spacing to Y shaft orientations, and Eire arranged. Above these X- 
axis linear guides 86 and 87, floatation support of two movable sliders 82 and 84 each, and 83 and 85 is 
carried out through about several micrometers path clearance respectively through the non-illustrated air pad 
along with the X shaft each linear guide concerned. A total of four sliders 82, 84, 83, and 85 have a cross- 
section inverted-L-shaped configuration which surrounds the X-axis linear guide 86 or 87 from the upper 
part and the side, and build the armature coil in the interior, respectively. That is, the X-axis linear motor of 
a moving coil type is constituted from this operation gestalt by the sliders (armature unit) 82 and 84 and the 
X-axis linear guide 86 which contain an armature coil, respectively, respectively. The X-axis linear motor of 
a moving coil type is similarly constituted by sliders (armature unit) 83 and 85 and the X-axis linear guide 
87, respectively. Each of the four above-mentioned X-axis linear motors shall be suitably called the X-axis 
linear motor 82, the X-axis linear motor 84, the X-axis linear motor 83, and the X-axis linear motor 85 to 
below using the same sign as the sliders 82, 84, 83, and 85 which constitute each needle. 
[0055] Two [ 82 and 83 ] of the four above-mentioned X-axis linear motors (slider) 82-85, i.e., X-axis linear 
motors, are being fixed to the end and the other end of a longitudinal direction of the Y-axis linear guide (for 
example, it consists of the armature unit having an armature coil) 80 which are prolonged in Y shaft 
orientations, respectively. Moreover, remaining two X-axis linear motors 84 and 85 are being fixed to the 
end and the other end of the same Y-axis linear guide 81 which are prolonged in Y shaft orientations. 
Therefore, the Y-axis linear guides 80 and 81 are driven along with the X-axis, respectively with a pair each 
of X-axis linear motors 82, 83, 84, and 85. 

[0056] The magnetic pole unit (graphic display abbreviation) which has a permanent magnet is prepared in 
the pars basilaris ossis occipitalis of the wafer stage WST1, and the Y-axis linear motor of the MUBINGU 
magnet mold which drives the wafer stage WST1 to Y shaft orientations with this magnetic pole unit and 
one Y-axis linear guide 80 is constituted. Moreover, the magnetic pole unit (graphic display abbreviation) 
which has a permanent magnet is prepared in the pars basilaris ossis occipitalis of the wafer stage WST2, 
and the Y-axis linear motor of the MUBINGU magnet mold which drives the wafer stage WST2 to Y shaft 
orientations with this magnetic pole unit and the Y-axis linear guide 81 of another side is constituted. These 
Y-axis linear motors shall be suitably called the Y-axis linear motor 80 and the Y-axis linear motor 81 to 
below using the same sign as the linear guides 80 and 81 which constitute each stator. 
[0057] Moreover, each of said X-axis linear motors 82-85 and the Y-axis linear motors 80 and 81 is 
controlled by this operation gestalt by the stage control unit 70 shown in drawing 1 . 

[0058] In addition, control of yawing of the wafer stage WST1 (or WST2) is possible by changing slightly 

the thrust which the X-axis linear motors 82 and 83 (84 or 85) of a couple generate, respectively. 

[0059] On return and said wafer stage WST1, the wafer holder HI as a substrate attachment component is 
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formed at drawing 1 . As shown in drawing 4 , two or more formation of the heights 72 from which a path 
differs is carried out by the concentric circle on the top face of this wafer holder HI, and adsorption 
maintenance of the wafer Wl is carried out by the vacuum suction force of a non-illustrated vacuum pump 
on the wafer holder HI through the attraction hole which is not illustrated [ which was prepared in the base 
of the slot formed between / these / heights 72 ]. 

[0060] Moreover, as shown in drawing 4 , four reference mark plates FMa, FMb, FMc, and FMd with which 
the reference mark was formed in the predetermined location (the top-most-vertices location of the square of 
the outside of the wafer holder H 1 near [ In more detail ]) of the periphery of this wafer holder HI , 
respectively are arranged so that that front face and front face of a wafer Wl may serve as the same height. 
These reference mark plates FMa, FMb, FMc, and FMd are being fixed to the wafer holder HI in one 
respectively through the reference mark plate attaching parts 33a, 33b, 33c, and 33d. That is, it sets constant 
the physical relationship of the reference mark plates FMa, FMb, FMc, and FMd and the wafer holder HI. 
[0061] As shown in drawing 4 , the reference marks Mai and Ma2 of a couple separate predetermined 
spacing to X shaft orientations, and are formed in said reference mark plate FMa top face. These reference 
marks Mai and Ma2 are simultaneously arranged in the measurable location with the both eyes of the RA 
microscopes 41 and 42 (refer to drawing 1 ) of 2 eye couple mentioned later. The reference mark plate FMa 
with which these reference marks Mai and Ma2 \yere formed has the shot area size on a wafer Wl mostly 
about X shaft orientations, and is made into the cbnfiguration of a plane view rectangle of having the 
magnitude which is extent which a reference mark can draw, about Y shaft orientations. 
[0062] Moreover, on the reference mark plate FMb, predetermined spacing is separated to Y shaft 
orientations, and three reference marks Mbl, Mb2, and Mb3 are formed. These reference marks Mbl, Mb2, 
and Mb3 are marks for performing the so-called scaling measurement between [ which measures the 
location of the reticle stage RST performed at the time of the so-called base-line measurement, and the 
wafer stage WST1, respectively ] interferometers, i.e., the alignment check at the time of relative scan 
actuation. The reference mark plate FMb with which these reference marks Mbl, Mb2, and Mb3 were 
formed has the shot area size on a wafer Wl about Y shaft orientations, and is made into the configuration 
of a plane view rectangle of having the magnitude which is extent which a reference mark can draw, about 
X shaft orientations. 

[0063] Moreover, on the remaining reference mark plate FMc and FMd, reference marks Mc and Md are 
formed, respectively. These reference marks Mc and Md are marks used when asking for the revolution of 
the core of the wafer holder HI , and the wafer holder HI etc. with a least square method. In addition, the 
various measurement approaches using each reference mark formed on each above-mentioned reference 
mark plate are explained in full detail behind. 

[0064] since [ in this case, ] the reference mark plates FMa, FMb, FMc, and FMd are formed in the top- 
most-vertices location of a square (almost square) including the core of the wafer holder HI — the inside of 
the field of that square (field EA surrounded by the dotted line in drawing 4 ) — a wafer Wl — the whole 
surface is included mostly. About this reason, it mentions later. 

[0065] X migration mirror 96a which has the reflector which intersects perpendicularly with the end (-X 
side edge) of X shaft orientations at the X-axis is installed in the top face of the wafer stage WST1 by Y 
shaft orientations, and Y migration mirror 96b which has the reflector which intersects perpendicularly with 
the end (+Y side edge) of Y shaft orientations at a Y-axis is installed in it by X shaft orientations. In each 
reflector of these migration mirrors 96a and 96b By being projected on the interferometer beam (length 
measurement beam) from the interferometer which has the predetermined length measurement shaft which 
constitutes the interferometer systems mentioned later, and receiving the reflected light with each 
interferometer, as shown in drawing 2 and drawing 3 The variation rate from the criteria location (generally 
a fixed mirror is arranged on a projection optical system PL side face and the side face of an alignment 
system, and let that be a datum plane) of each migration mirror reflector is measured, and, thereby, the two- 
dimensional location of the wafer stage WST1 is measured. 

[0066] Although the configuration of the wafer stage WST2 of another side is bilateral symmetry, it is the 
same as that of the wafer stage WST 1 mentioned above. 

[0067] That is, on the wafer stage WST2, as shown in drawing 1 , vacuum adsorption of the wafer W2 is 
carried out through the non-illustrated vacuum chuck through the wafer holder H2 as a substrate attachment 
component. As the wafer holder H2 is fundamentally constituted like the wafer holder HI mentioned above 
and it is mostly shown to position relation and a concrete target by the part of the perimeter at drawing 2 and 
drawing 3 at the location of each top-most vertices of a square-like square four — a ** — a reference mark — 
a plate — FMa — ' — FMb — 1 — FMc — 1 — FMd — ' — respectively — arranging — having — a reference mark 

http ://www4 . ipdl .ncipi .go jp/cgi-bin/tran_web__cgi_ej j e 8/2/2006 



JP,2002-231622,A [DETAILED DESCRIPTION] 



Page 10 of 20 



- a plate — an attachment component - respectively — minding — a wafer — a holder -- H - two ~ unifying 

- having — ****. these - a reference mark » a plate — FMa — 1 — FMb — 1 -- FMc — ' — FMd — 1 — a top 
face - a wafer — a holder — H - two — a top — laying — having — a wafer — W — two — a front face — being 
the same — height — becoming — as — setting up — having --**** . Moreover, the migration mirrors 96c 
and 96d are installed in the top face of the wafer stage WST2, respectively. As shown in these migration 
mirrors 96c and 96d at drawing 2, it is projected on the interferometer beam from the interferometer which 
has the predetermined length measurement shaft which constitutes the interferometer systems mentioned 
later, and the two-dimensional location of the wafer stage WST2 is measured by receiving the reflected light 
with each interferometer. 

[0068] In addition, since '"" is attached to the reference mark plate on the wafer stage WST1, and the sign 
attached on the wafer stage WST1 about the corresponding thing and the reference mark plate on the wafer 
stage WST2 is shown, in the following explanation for convenience also about a reference mark, like a 
reference mark plate, '"" shall be attached and it shall explain to drawing 2 and drawing 3 , so that it may be 
shown. 

[0069] The alignment systems 24a and 24b of the off-axis (off-axis) method which had the same function as 
the both sides of return and X shaft orientations of said projection optical system PL in drawing 1 are 
installed in the location which only the same distance separated from the optical axis (the projection core of 
a reticle pattern image, and coincidence) of a projection optical system PL, respectively. As these alignment 
systems 24a and 24b, the broadband detection flux of light which does not expose the resist on a wafer is 
irradiated at an object mark, the image of the object mark in which image formation was carried out to the 
light-receiving side by the reflected light from the object mark, and the image of the index of not illustrating 
are picturized using an image sensor (CCD) etc., and the microscope of the FIA (Filed Image Alignment) 
system of the image-processing method which outputs those image pick-up signals is used here. It is 
possible to perform X of the reference mark on a reference mark plate and the alignment mark on a wafer 
and location measurement of the Y two-dimensional direction based on the output of these alignment 
systems 24a and 24b. 

[0070] in addition — as the alignment systems 24a and 24b ~ not only a FIA system — for example, it is 
independent about the alignment sensor which irradiate a coherent detection light at an object mark, and the 
two diffracted lights (for example, this degree) which detect the scattered light or the diffracted light 
generated from the object mark, or are generated from the object mark are made to interfere, and is detected 

- it is ~ it combines suitably and, of course, uses — it is possible. 

[0071] Alignment system 24a is used for location measurement of the reference mark formed on each 
reference mark plate on the alignment mark on the wafer Wl held on the wafer stage WST1, and the wafer 
stage WST1 etc. with this operation gestalt. Moreover, alignment system 24b is used for location 
measurement of the reference mark formed on each reference mark plate on the alignment mark on the 
wafer W2 held on the wafer stage WST2, and the wafer stage WST2 etc. 

[0072] the wave signal which A/D conversion of the information from these alignment systems 24a and 24b 
was carried out by the alignment control device 60, and was digitized — data processing — carrying out — the 
mark location 24a and 24b, i.e., alignment systems, - the positional information of the mark for detection on 
the basis of each index core is detected. A detection result is sent to a main control unit 90 from the 
alignment control unit 60, and the synchronous location amendment at the time of exposure etc. is directed 
to the stage control unit 70 by the main control unit 90 according to the detection result. 
[0073] Next, the interferometer structure of a system which manages the location of the wafer stages WST1 
and WST2 is explained, referring to drawing 1 - drawing 4 . 

[0074] As shown in these drawings, the projection core (optical axis AX) and alignment system 24a of a 
projection optical system PL, In migration mirror 96a prepared in the X shaft-orientations 1 side of wafer 
stage WST1 top face in accordance with the 1st shaft (X-axis) passing through each detection core (opticals 
axis SXa and SXb) of 24b The interferometer beam shown by length measurement shaft BI1X from the X- 
axis interferometer 1 6 of drawing 1 is irradiated. Similarly, the interferometer beam shown by length 
measurement shaft BI2X from the X-axis interferometer 18 of drawing 1 is irradiated by migration mirror 
96c prepared in the side besides X shaft orientations of wafer stage WST2 top face in accordance with the 
1st shaft. And in interferometers 16 and 18, by receiving these reflected lights, the relative displacement 
from the criteria location of each reflector is measured, and X shaft-orientations location of the wafer stages 
WST1 and WST2 is measured. Here, as shown in drawing 2 , interferometers 16 and 18 are 3 shaft 
interferometers which have three opticals axis each, and measurement of the rotation (the amount of rolling) 
of the circumference of a Y-axis and the rotation (the amount of yawing) of the circumference of the Z-axis 
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is possible for them in addition to measurement of X shaft orientations of the wafer stages WST1 and 
WST2. The output value of each optical axis can be independently measured now. In addition, in old 
explanation, although explanation as if both the wafer stages WST1 and WST2 were single stages was 
given, the wafer stages WST1 and WST2 are both actually equipped with the wafer table carried in the 
upper part of the stage body driven, respectively and this stage body through non-illustrated Z and a leveling 
drive by the Y-axis motors 80 and 8 1 . And the migration mirror is being fixed to the wafer table, 
respectively. Therefore, the monitor of all the amounts of actuation at the time of tilt control of the wafer 
table on which Wafer W was laid can be carried out by the interferometer 1 6 and 1 8 grades. 
[0075] Although both the wafer stages WST1 and WST2 are constituted by two or more components, such 
as a stage body and a wafer table, like ****, in the following, the wafer stages WST1 and WST2 are 
explained in the 5 degree-of- freedom directions except the hand of cut (the direction of thetaz) of the 
circumference of the Z-axis from on [ of explanation ] expedient as what is a movable single stage. Of 
course, a wafer stage may be movable in the 6 degree-of-freedom directions including the direction of 
thetaz. 

[0076] In addition, each interferometer beam of length measurement shaft BI1X and length measurement 
shaft BI2X The migration mirrors 96a and 96c of the wafer stages WST1 and WST2 are always hit 
[ therefore ] throughout the successive range of the wafer stages WST1 and WST2. About X shaft 
orientations The location of the wafer stages WST1 and WST2 is managed also based on the measurement 
value of length measurement shaft BI1X and length measurement shaft BI2X or the times of any, such as 
the time of the activity of the alignment systems 24a and 24b, at the time of the exposure using a projection 
optical system PL. 

[0077] Moreover, the Y-axis interferometer 46 which has length measurement shaft BI2Y which crosses at 
right angles to the X-axis focusing on projection of a projection optical system PL with this operation gestalt 
as shown in drawing 2 and drawing 3 , Length measurement shaft BUY which intersects the X-axis 
vertically focusing on each detection of the alignment systems 24a and 24b, respectively, When [ this ] the 
Y-axis interferometers 44 and 48 which have BI3Y, respectively are formed, for the direction location 
measurement of Y of the wafer stages WST1 and WST2 at the time of the exposure using a projection 
optical system PL The measurement value based on [ of a projection optical system PL / 46 ] projection (i.e., 
the interferometer of length measurement shaft BI2Y which passes an optical axis AX) is used. In the 
direction location measurement of Y of the wafer stage WST1 at the time of the activity of alignment system 
24a The measurement value based on [ of alignment system 24a / 44 ] detection (i.e., the interferometer of 
length measurement shaft BUY which passes an optical axis SXa) is used. The measurement value based on 
[ of alignment system 24b / 48 ] detection (i.e., the interferometer of length measurement shaft BI3Y which 
passes an optical axis SXb) is used for the direction location measurement of Y of the wafer stage WST2 at 
the time of an alignment system 24b activity. 

[0078] Therefore, although the interferometer length measurement shaft of Y shaft orientations will separate 
according to each service condition from the migration mirrors [ 96b and 96d ] reflector established in the 
wafer stage WST1 and WST2 top face Since it does not separate from at least one length measurement 
shaft, i.e., length measurement shaft BI1X mentioned above, and BI2X from the migration mirrors 96a and 
96c of each wafer stage WST1 and WST2 The interferometer optical axis to be used can reset the 
interferometer by the side of Y in the proper location which entered on the reflector. 

[0079] In addition, as shown in drawing 2 , each interferometers 44, 46, and 48 for the above-mentioned Y 
measurement are biaxial interferometers which have two opticals axis each, and measurement of the rotation 
(the amount of pitching) of the circumference of the X-axis is possible for them in addition to measurement 
of Y shaft orientations of the wafer stages WST1 and WST2. The output value of each optical axis can be 
independently measured now. 

[0080] The interferometer systems which manage the two-dimensional coordinate location of the wafer 
stages WST1 and WST2 are constituted from this operation gestalt by a total of five interferometers of two 
X-axis interferometers 16 and 18 and three Y-axis interferometers 44, 46, and 48. 
[0081] Moreover, with this operation gestalt, while one side of the wafer stages WST1 and WST2 is 
performing the exposure sequence, another side performs wafer exchange and a wafer alignment sequence, 
so that it may mention later, but based on the output value of each interferometer, migration of the wafer 
stages WST1 and WST2 is managed by the stage control device 70 according to the command of a main 
control unit 90 so that there may be no interference of both stages in this case. 

[0082] Furthermore, in the aligner 1 0 of this operation gestalt, as shown in drawing 1 , the reticle alignment 
microscopes (it is hereafter called "RA microscope" for convenience) 41 and 42 of the couple which 
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consists of the TTR (Through The Reticle) alignment optical system using the exposure wavelength for 
observing simultaneously the reticle marks RM1 and RM2 on Reticle R and the mark of a reference mark 
plate through a projection optical system PL are formed above Reticle R. The detecting signal of these RA 
microscopes 41 and 42 is supplied to a main control unit 90 through the alignment control unit 60. In this 
case, if the deflection mirrors 31 and 32 for leading the detection light from Reticle R to the RA 
microscopes 41 and 42, respectively are arranged free [ migration ] and an exposure sequence is started, the 
deflection mirrors 3 1 and 32 will shunt with a non-illustrated mirror driving gear under the command from a 
main control unit 90, respectively. In addition, the configuration equivalent to the RA microscopes 41 and 
42 is indicated by JP,7-176468,A (and U.S. Pat. No. 5,646,413 corresponding to this) etc. at the detail. 
[0083] Moreover, although the graphic display is omitted, the auto-focusing / auto leveling measuring 
machine style for investigating a focus location (henceforth a " AF/AL system") are prepared in each of a 
projection optical system PL and the alignment systems 24a and 24b: Among this, the AF/AL system 
prepared in the projection optical system PL is prepared in order to detect whether the exposure side of a 
wafer (Wl or W2) has agreed within the limits of the depth of focus of the image surface of a projection 
optical system PL (is it focusing or not?). This is because it is required for the pattern formation side on 
Reticle R and the exposure side of a wafer (Wl or W2) to be always conjugate about a projection optical 
system PL, in order to imprint the pattern on Reticle R on a wafer (Wl or W2) by scanning exposure at 
accuracy. With this operation gestalt, the so-called multipoint focal location detection system indicated by 
JP,6-283403,A (and U.S. Pat. No. 5,448,332 corresponding to this) etc. is used as this AF/AL system. 
[0084] Moreover, the AF/AL system prepared in the alignment system is constituted similarly, and highly 
precise alignment measurement is attained by performing location measurement of an alignment mark, 
performing auto-focusing / auto leveling by measurement of the same AF/AL system as the time of 
exposure, and control at the time of measurement of the alignment sensor by the alignment systems 24a and 
24b. 

[0085] As shown in drawing 1 , the control system of an aligner 10 consists of a microcomputer (or 
workstation) etc., and the stage control device 70 and alignment control-device 60 grade which the main 
control unit 90 as a control device which controls the whole equipment in generalization, and the 
subordinate of this main control unit 90 have are constituted as a core. 

[0086] Next, wafer alignment actuation is explained as a core about concurrent processing on two wafer 
stages WST [ WST1 and ] 2 in the aligner 10 applied to this operation gestalt focusing on actuation of each 
part of a configuration of the control system shown in drawing 1 . 

[0087] Here, as shown in drawing 2 , when exposure actuation is performed to a wafer W2 by the wafer 
stage WST2 side and alignment actuation of a wafer Wl is performed by the wafer stage WST1 side in 
parallel to this, explanation is started from from. In addition, although not illustrated in the front face of 
wafers Wl and W2, many shot fields (partition field) shall be formed in X shaft orientations and Y shaft 
orientations in the predetermined pitch, and the predetermined circuit pattern, and the X-axis wafer mark 
and Y-axis wafer mark for alignment shall be formed in each shot field of the semi-conductor production 
process till then, respectively. Each [ these ] wafer mark shall be named an "alignment mark" genetically 
below. 

[0088] a. By the wafer stage WST2 side, exposure is first performed as follows to a wafer W2. Namely, the 
stage control unit 70 responds to the command given based on the alignment result performed in advance 
like the alignment actuation to the wafer Wl later mentioned from a main control unit 90. Carrying out the 
monitor of the measurement value of the interferometer 46 which has length measurement shaft BI2Y of 
interferometer systems, and the interferometer 1 8 which has length measurement shaft BI2X The X-axis 
linear motors 84 and 85 and the Y-axis linear motor 81 are controlled, and the wafer stage WST2 is moved 
to the scan starting position for exposure of the 1st shot field of a wafer W2 (acceleration starting position). 
[0089] b. Next, in the stage control device 70, according to directions of a main control unit 90, the relative 
scan of Y shaft orientations with Reticle R, Wafer W2 RST, i.e., a reticle stage, and the wafer stage WST2 is 
started, if both RST and WST2 reach each target scan speed and reach a uniform synchronous condition, the 
pattern space of Reticle R will begin to be illuminated by the ultraviolet pulsed light from an illumination 
system 20, and scan exposure will be started. The above-mentioned relative scan is performed by controlling 
a reticle actuator and the X-axis linear motors 84 and 85, and the Y-axis linear motor 81, the stage control 
unit 70 carrying out the monitor of the measurement value of an interferometer which has length 
measurement shaft BI7Y of the measurement value of interferometers 46 and 1 8 which has length 
measurement shaft BI2Y of the interferometer systems mentioned above, and BI2X, respectively, and the 
reticle interferometer systems 28, BI8Y, and BI6X, respectively. 
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[0090] c. Although it directs to a non-illustrated laser control device and pulse luminescence is made to start 
in a main control unit 90 when both the stages RST and WST2 reach each target scan speed in advance of 
initiation of this scan exposure, the synchronousr control of the migration of the movable reticle blind within 
an illumination system 20 of a predetermined blade is carried out to migration of a reticle stage RST through 
the non-illustrated blind driving gear by the stage control device 70. It is the same as that of the usual 
scanning stepper that the exposure of the ultraviolet pulsed light to the outside of the pattern space on 
Reticle R is prevented by this. 

[0091] d. The stage control device 70 carries out the synchronousr control of a reticle stage RST and the 
wafer stage WST2 through a reticle actuator and the X-axis linear motors 84 and 85, and the Y-axis linear 
motor 81 . In that case, especially, at the time of the above-mentioned scan exposure, a synchronousr control 
is performed so that the passing speed Vr of Y shaft orientations of a reticle stage RST and the passing 
speed Vw of Y shaft orientations of the wafer stage WST2 may be maintained by the velocity ratio 
according to the projection scale factor (1/4 time or 1/5 time) of a projection optical system PL. 
[0092] The driving gear which carries out the synchronized drive of a reticle stage RST and the wafer stage 
WST2 is constituted from this operation gestalt by the reticle actuator and the X-axis linear motors 84 and 
85 which are controlled by the stage control device 70 and this, and the Y-axis linear motor 81 so that 
clearly from the above-mentioned explanation. Tlie driving gear which similarly carries out the 
synchronized drive of a reticle stage RST and the wafer stage WST1 with the reticle actuator and the X-axis 
linear motors 82 and 83 which are controlled by the stage control device 70 and this, and the Y-axis linear 
motor 80 is constituted. 

[0093] e. And the field where the pattern spaces of Reticle R differ is serially illuminated by ultraviolet 
pulsed light, and when the lighting to the whole pattern space surface is completed, scan exposure of the 1st 
shot field on a wafer W2 is completed. Thereby, the cutback imprint of the pattern of Reticle R is carried out 
to the 1st shot field through a projection optical system PL. 

[0094] f. Moreover, in a non-illustrated blind driving gear, the synchronousr control of the migration of a 
movable reticle blind of a predetermined blade is carried out to migration of a reticle stage RST based on the 
directions from the stage control device 70 that the exposure of the ultraviolet pulsed light to the outside of 
the pattern space on the reticle R immediately after scan exposure termination should be shaded. 
[0095] g. After scan exposure of the 1st shot field is completed as mentioned above, based on the"directions 
from a main control unit 90, through the X-axis linear motors 84 and 85 and the Y-axis linear motor 81, step 
migration is carried out and the wafer stage WST2 is moved to X and Y shaft orientations by the stage 
control unit 70 in the scan starting position for exposure of the 2nd shot field (acceleration starting position), 
the measurement value of interferometers 46 and 1 8 which has length measurement shaft BI2Y of 
interferometer systems, and length measurement shaft BI2X with the stage control unit 70, respectively in 
the case of this stepping — being based — the location of the direction of X [ of the wafer stage WST2 ], Y, 
and thetaz — a variation rate is measured on real time, this measurement result — being based ~ the stage 
control device 70 — XY location of the wafer stage WST2 — the location of the wafer stage WST2 is 
controlled so that a variation rate will be in a predetermined condition, moreover — the stage control device 
70 — the information on the variation rate of the direction of thetaz of the wafer stage WST2 — being based - 
- a reticle actuator — controlling — the revolution by the side of the wafer — the roll control of the reticle 
stage RST (reticle jogging stage) is carried out so that the error of a variation rate may be compensated. 
[0096] h. And according to directions of a main control unit 90, actuation of each part is controlled by the 
stage control unit 70 and the non-illustrated laser control unit like ****, and the same scan exposure as the 
above is performed to the 2nd shot field on a wafer W2 by them. 

[0097] i. Thus, stepping actuation for scan exposure of the shot field on a wafer W2 and shot [ degree ] field 
exposure is performed repeatedly, and the sequential imprint of the pattern of Reticle R is carried out to the 
shot field for exposure on a wafer W2. 

[0098] In addition, control of the addition light exposure which should be given to each point on a wafer 
during the above-mentioned scan exposure is performed by controlling at least one of the pulse energy per 
[ which is outputted through the stage control unit 70 or a non-illustrated laser control unit from the 
oscillation frequency (pulse repetition frequency) of the non-illustrated light source, and the light source ] 
one pulse, the rate of dimming of the dimming section within an illumination system 20, and the scan speeds 
of a wafer stage and a reticle stage by the main control unit 90. 

[0099] Furthermore, in a main control unit 90, when amending the migration starting position (synchronous 
location) of a reticle stage and a wafer stage at the time of scan exposure, amendment of the stage location 
according to the amount of amendments is directed to the stage control device 70 which carries out 
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migration control of each stage, for example. 

[0100] It carries out like above-mentioned a. - i., and alignment actuation of a wafer Wl is performed as 
follows by the wafer stage WST1 side in parallel to exposure being performed by step - and - scanning 
method to a wafer W2. 

[0101] (1) As a premise, the wafer stage WST1 in which the wafer Wl was laid shall be located under the 
alignment system 24a (refer to drawing 2 ). At this time, as shown in drawing 2 , the location of the wafer 
stage WST1 is measured by the interferometers 44 and 16 which have length measurement shaft BUY and 
BI1X, respectively, and is measured and managed on system of coordinates at the time of the alignment 
which makes a zero length measurement shaft BUY and alignment system 24a specified by BI1X. Here, the 
positional information measured is supplied to a main control unit 90 through the stage control unit 70. 
[0102] (2) Next, control migration of the wafer stage WST1 by the main control unit 90 through the stage 
control device 70 to position four reference marks Mai, Mb2, Mc, and Md in the detection visual field of 
alignment system 24a one by one among each reference mark formed in four reference mark plate FMa- 
FMd prepared in about wafer holder HI . Thereby, at every positioning, the amount of location gaps of X 
shaft orientations of reference marks Mai , Mb2, Mc, and Md and Y shaft orientations (the amount of 
location gaps to the index mark inside alignment system 24a) is measured by the alignment control unit 60 
through alignment system 24a, and the measurement result is sent to a main control unit 90. In a main 
control unit 90, based on the amount of location gaps of each reference mark, and the positional information 
(measurement value of interferometers 44 and 16) of the wafer stage WST1 at the time of each 
measurement, the coordinate value of the reference marks Mai, Mb2, Mc, and Md in system of coordinates 
is calculated at the time of the above-mentioned alignment, and it memorizes in memory. 
[0103] (3) Next, make it be completely the same as that of the time of calculating the coordinate value of the 
above-mentioned reference marks Mai, Mb2, Mc, and Md in a main control unit 90. At least three shot 
fields on a wafer Wl (in accuracy) The direction of X of each alignment mark established in each of at least 
three shot fields included inside the field EA of the square shown in drawing 4 mentioned above, The X 
coordinate of each alignment mark on system of coordinates and a Y coordinate are computed at the time of 
alignment from the coordinate (measured by interferometers 16 and 44) of the wafer stage WST1 at the time 
of measurement of the amount of location gaps of the direction of Y, and each measurement. 
[0104] (4) Next, in a main control unit 90, from the coordinate of the about [ wafer holder HI ] reference 
marks Mai , Mb2, Mc, and Md measured in the top, compute the main coordinate and angle of rotation theta 
1 of the wafer holder Hi with a least square method, and determine the system of coordinates (it is hereafter 
called "holder system of coordinates") of the wafer holder HI with which only the include angle theta 1 
rotated XY rectangular coordinate system which makes the main coordinate a zero. 

[0105] With a main control unit 90, at the time of the alignment of the alignment mark on a wafer Wl, after 
that (5) The coordinate (actual measurement) on system of coordinates So that it may change into the 
coordinate on holder system of coordinates and may be indicated by JP,6 1-44429, A (and U.S. Pat. No. 
4,780,617 corresponding to this) etc., using the coordinate after conversion The array coordinate (Xi, Yi) of 
the i-th shot field on a wafer Wl is determined using the model type of statistics processing of an en hunger 
strike global alignment (EGA) method. 

[0106] Here, the alignment mark of the shot field belonging to the interior of the field EA of the square 
specified by the reference marks Mai, Mb2, Mc, and Md for determining holder system of coordinates is 
chosen and measured. For this reason, even if it changes the position coordinate of these alignment mark 
into the coordinate on holder system of coordinates, it can be dealt with as what has high dependability. 
Therefore, the array coordinate (Xi, Yi) determined from those coordinate values is reliable. That is, it is 
thought that only an error comparable as the measurement error of reference marks Mai, Mb2, Mc, and Md 
is included. 

[0107] The above-mentioned array coordinate (Xi, Yi) is also the relative-position information on each shot 
field of a wafer Wl over the wafer holder HI , and the array coordinate (Xi, Yi) is memorized by the 
memory in a main control unit 90. In addition, since it is premised on the rotational error of the wafer holder 
H 1 remaining to the X-axis and a Y-axis with this operation gestalt, the system of coordinates of the wafer 
holder HI will rotate to the X-axis and a Y-axis. 

[0108] Moreover, since the alignment light of the broadband (broadband) of non-exposing wavelength is 
used for alignment system 24a, both the reference marks Mai , Mb 2, Mc, and Md and an alignment mark are 
measured by high degree of accuracy. In addition, in order to measure promptly the core and angle of 
rotation of the wafer holder HI, it is also good to measure the X-axis mark or Y-axis mark of at least one 
reference mark and one another reference mark about a two-dimensional reference mark. However, while 
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the equalization effectiveness is acquired so that the number of the reference mark to measure increases, the 
scaling (telescopic motion) of the wafer holder HI can also be taken now into consideration, and a high 
precision is acquired. It is desirable similarly, for it to be good also about an alignment mark, three to 
measure [ at least ] the location of a 1 -dimensional alignment mark, if it is the minimum, but to convert the 
number of an alignment mark which makes the number of the shot field to measure three or more pieces, 
and is measured into a 1 -dimensional alignment mark, and to make it six or more pieces, in order to take 
into consideration a scaling (the direction of X and the direction of Y), a perpendicularity error, etc. 
[0109] The alignment actuation to the wafer Wl on the above-mentioned wafer stage WST1 is ended before 
the exposure actuation to the wafer W2 which the wafer stage WST2 side mentioned above, and the wafer 
stage WST1 will be in a standby condition. 

[0110] (6) And with a main control unit 90, after the exposure actuation to a wafer W2 is completed, in 
order to expose a wafer Wl, as shown in drawing 1 , it will move under the projection optical system PL on 
the wafer stage WST1 . However, in the middle of this migration, the interferometer beam shown by length 
measurement shaft BUY separates from migration mirror 96b, and it becomes impossible to location 
measure [ of Y shaft orientations of the wafer stage WST1 ] it so that it may be easily imagined from 
drawing 2 and drawing 3 . So, in a main control unit 90, the following devices are carried out and it moves 
under the projection optical system PL on the wafer stage WST1 . That is, in a main control unit 90, either 
Mai of the reference marks Mai, Mb2, Mc, and Md, for example, a reference mark, once moves to the 
location located in the visual field of alignment system 24a on the wafer stage WST1 through the stage 
control unit 70, the X-axis linear motors 82 and 83, and the Y-axis linear motor 80. Subsequently, so that the 
wafer stage WST1 may be in the condition of having stood it still about Y shaft orientations, in a main 
control unit 90 So that only the distance of the detection core SXa and optical axis AX which the wafer 
stage WST1 searched for beforehand may move in the direction of +X at the same time it carries out servo 
control of the Y-axis linear motor 80 through the stage control device 70, using Y location at that time as 
desired value The X-axis linear motors 82 and 83 are driven through the stage control unit 70, carrying out 
the monitor of the measurement value of an interferometer 16 which has length measurement shaft BI1X. 
By this, the wafer stage WST1 will move in the direction of +X, and the reference mark Mai located 
directly under alignment system 24a will be located directly under a projection optical system PL by 
migration of this wafer stage WST1 . Of course, in parallel to migration of this wafer stage WST1 , with the 
main control unit 90, it is moving to the wafer exchange location of an alignment system 24b lower part 
through the stage control device 70 on the wafer stage WST2 as well as the migration by the side of the 
above-mentioned wafer stage WST1, and the interferometer 48 which has length measurement shaft BI3Y 
just before detection of one on the wafer stage WST2 of reference marks is attained by alignment system 
24b is reset. 

[01 1 1] (7) it is shown to drawing 1 by the main control unit 90 after that — as — the reticle marks RM1 and 
RM2 ~ move mirrors 31 and 32 to each upper part, respectively, irradiate the alignment light of the 
exposure wavelength from the RA microscopes 41 and 42 at the reticle marks RM1 and RM2, respectively, 
and irradiate reference marks Mai and Ma2 through a projection optical system PL, respectively with the 
alignment light which passed through the perimeter of the reticle marks RM1 and RM2. Detection of the 
relative position of the image of the reference marks Mai and Ma2 on the reference mark plate FMa and the 
corresponding reticle marks RM1 and RM2 is performed by the alignment control unit 60 by this, and the 
detection result is supplied to a main control unit 90. The interferometer 46 is reset at one to which the 
interferometer beam shown by length measurement shaft BI2Y came to hit the reflector of migration mirror 
96b in advance of detection of the above-mentioned relative position here of the events. The location of the 
wafer stage WST1 is managed henceforth at that time on XY system of coordinates (it is called the 
following and "being system of coordinates at the time of exposure") which make a zero the optical axis of 
the projection optical system PL specified by length measurement shaft BI2Y and BI1X. 
[0112] (8) Therefore, the result of the above-mentioned relative-position detection in a main control unit 90, 
The coordinate location of the marks Mai and Ma2 on the reference mark plate [ in / the time of exposure / 
based on the measurement value of interferometers 46 and 16 which has length measurement shaft BI2Y at 
that time, and BI 1 X, respectively / system of coordinates ] FMa, The coordinate location of the wafer side 
top projection image of the marks RM1 and RM2 on Reticle R is computed, and it calculates according to 
both difference, the physical relationship of location gaps, i.e., amount, of an exposure location (projection 
core of a projection optical system PL), and the coordinate location of the reference marks Mai and Ma2 on 
the reference mark plate FMa. 

[0113] In this case, the tilt angle to the X-axis of the straight line which the core of the image of the reticle 
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marks RM1 and RM2 is based on exposure, and passes along the core of those images is the tilt angle of the 
image of a reticle pattern. Here, the angle of rotation of a reticle stage RST shall be amended so that the tilt 
angle may be beforehand set to about 0. 

[01 14] In addition, in a main control unit 90, it adds to measurement of the physical relationship of an above 
exposure location (projection core of a projection optical system PL), and the coordinate location of the 
reference marks Mai and Ma2 on the reference mark plate FMa. Relative displacement of the reference 
marks Mbl-Mb3 on the reference mark plate FMb and the reticle mark formed on reticle is carried out. This 
is measured using one reticle alignment microscope 41 (or 42). It is good also as performing scaling 
doubling of the interferometer of a reticle stage RST, and the interferometer of the wafer stage WST1, i.e., 
scanning travel doubling of the reticle R at the time of relative scan actuation, and a wafer Wl. 
[01 15] (9) Compute after that the offset to X shaft orientations of holder system of coordinates over system 
of coordinates mentioned above, and Y shaft orientations, and an angle of rotation theta 2 with a main 
control unit 90 using the X coordinate of reference marks Mai and Ma2, and a Y coordinate at the time of 
exposure. And in a main control unit 90, the array coordinate (XAi, YAi) of each shot field of the wafer Wl 
in system of coordinates is computed using the offset and the information on an angle of rotation theta 2, 
and the array coordinate (Xi, Yi) of each shot field of the wafer Wl on the holder system of coordinates 
memorized at the above-mentioned process at the time of exposure. If this array coordinate (XAi, YAi) is 
used, the core of each shot field on a wafer Wl and the core of the image of the pattern of Reticle R can be 
made to agree in high degree of accuracy. Then, on the wafer stage WST1, exposure to a wafer Wl is 
performed like the exposure to the wafer W2 which mirrors 3 1 and 32 shunted out of the optical path of the 
exposure light IL, and mentioned above after that with the main control unit 90. 

[01 16] In addition, instead of computing an angle of rotation as mentioned above in addition to offset or it, 
use one side of the RA microscopes 41 and 42, and at least three reference marks are detected. Ask for the X 
coordinate of the wafer stage (reference mark) on system of coordinates (at the time of exposure system of 
coordinates) in case the amount of location gaps of each reference mark to a reticle mark serves as zero or a 
predetermined value, and a Y coordinate, for example, the above-mentioned EGA method is applied. The 
array coordinate of each shot field on the system of coordinates may be computed. That is, the coordinate 
value on system of coordinates and the coordinate value on holder system of coordinates may be substituted 
for the model type of an EGA method for every reference mark at the fine of exposure, and the error 
parameter may be computed with a least square method etc. And you may make it compute the array 
coordinate of each shot field on system of coordinates at the time of exposure by substituting the array 
coordinate of each shot field on holder system of coordinates for the model type by which the error 
parameter was computed. 

[0117] Thus, since the reliability of the array coordinate (Xi, Yi) of each shot field of the wafer Wl on 
holder system of coordinates is high, each shot field on a wafer Wl will pile up with a sufficient precision to 
the pattern image of Reticle R as a result. That is, according to the aligner of this operation gestalt, a high 
alignment precision (superposition precision) is acquired. 

[0118] On the other hand, on the wafer stage WST2, in parallel to exposure to a wafer Wl being performed 
by the above-mentioned wafer stage WST1 side, wafer exchange is performed by the non-illustrated wafer 
swap device in the wafer exchange location of the lower part of alignment system 24b, and alignment 
actuation is performed by the same procedure as the above-mentioned to the wafer after the exchange (it is 
called "wafer W'" for convenience). 

[01 19] And when the exposure actuation to a wafer Wl is completed, while the wafer stage WST1 moves to 
the location (lower part of alignment system 24a) shown in drawing 2 , alignment actuation by the wafer 
swap device mentioned [ which mentioned above and wafer-exchanged ] above is performed, the wafer 
stage WST2 moves under the projection optical system PL, and exposure is performed to wafer W 1 . Thus, 
with this operation gestalt, since wafer exchange and alignment actuation are performed on the wafer stage 
WST2 (or WST1) of another side in parallel to the exposure actuation to the wafer on one wafer stage 
WST1 (or WST2), a high throughput is realizable. 

[0120] As explained to the detail, as mentioned above, in the aligner 10 of this operation gestalt So that 
physical relationship with the wafer holder HI (or H2) may become fixed on the wafer stage WST1 (or 
WST2) Four reference mark plate FMa-FMd (or FMa'-FMd') by which two or more reference marks Mai - 
Md (or MaT-Md') distributed, and have been arranged for every measurement sequence used is prepared 
around the wafer holder. Moreover, since the various measurement sequences which include the detection 
actuation which detects the positional information of each reference mark using alignment system 24a (or 
24b) with a main control unit 90 are performed, the function about measurement is maintainable. Moreover, 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/2/2006 



JP,2002-231622,A [DETAILED DESCRIPTION] 



Page 17 of 20 



since two or more reference marks distribute to reference mark plate FMa-FMd and are arranged for every 
measurement sequence used at it, a reference mark plate can be formed in few tooth spaces on a wafer stage 
(refer to drawing 4 ). Therefore, it becomes possible to aim at miniaturization of a wafer stage, as a result 
curtailment of the footprint of equipment. 

[0121] Moreover, reference marks Mal-Md (or Mal'-Md 1 ) are arranged so that it may be located near each 
top-most-vertices location of a square including the core of the wafer holder HI (or H2). For this reason, 
sufficiently large spacing between reference marks (distance) can be taken, constraint of a measurement 
span can be eased, and, thereby, improvement in measurement precision can be aimed at. moreover, the case 
where the core of a wafer holder is searched for based on the measurement result of the location of a 
reference mark since the core of the wafer holder HI (or H2) exists in the interior of the field of the square 
surrounded by the reference mark — the central point — a reference mark location, so to speak, it is 
equivalent to a interpolation point. Therefore, it can ask for the holder system of coordinates to which a 
main control unit 90 makes the core of a wafer holder a zero by detecting the positional information of each 
reference mark established on the wafer stage using the alignment system and the interferometer, and 
performing a predetermined operation based on the positional information with to some extent high 
reliability. In a main control unit 90, moreover, the positional information of the alignment mark which 
exists in the interior of said square on a wafer using an alignment system and an interferometer By asking on 
system of coordinates at the time of alignment, afid changing this into the positional information in holder 
system of coordinates For example, even if it is the case where location measuring [ of the wafer stage by 
the interferometer ] became impossible, and it becomes impossible for the location of a wafer stage to 
manage temporarily By measuring a reference mark again on new system of coordinates (at the time of 
exposure system of coordinates), the positional information of an alignment mark can be searched for with 
high dependability on new system of coordinates based on the measurement result and the positional 
information in holder system of coordinates. Therefore, the location of a wafer can always be managed with 
a sufficient precision, without causing enlargement of a wafer stage, and amplification of the footprint of 
equipment. 

[0122] Moreover, the location of the wafer stages WST1 and WST2 It is managed on rectangular coordinate 
systems, such as system of coordinates, by the interferometer at the time of system of coordinates and 
exposure at the time of alignment. To two or more reference mark plates The 1 st mark plate (FMa, FMa') 
extended long and slender to X shaft orientations by which two or more reference marks were formed in X 
shaft orientations on a rectangular coordinate system, and the 2nd mark plate (FMb, FMb 1 ) extended long 
and slender to Y shaft orientations by which two or more reference marks have been arranged at Y shaft 
orientations are contained. For this reason, it is possible to attain the miniaturization of each reference mark 
plate, as a result the miniaturization of the wafer stage where a reference mark plate is arranged, maintaining 
that function by distributing the reference mark which recognizes a large number existence according to 
those activity modes. 

[0123] In addition, although each reference mark explained the case where it was formed on the reference 
mark plate (FMa-FMd, FMa ! -FMd') formed around the wafer holder (substrate attachment component), with 
the above-mentioned operation gestalt Although this is carried out in this way in order to secure easily the 
precision (line breadth, display flatness, etc.) demanded in the case of processing, it may form not only this 
but a reference mark directly on a wafer stage, or may form it in a wafer holder. Moreover, the reference 
mark plate separated from the wafer holder may be fixed on a wafer stage. 

[0 1 24] Moreover, although holder system of coordinates were determined with the above-mentioned 
operation gestalt from the coordinate value (measurement value) which detects two or more reference marks 
and is obtained The coordinate value of each reference mark is computed with an EGA method, using two 
or more of the obtained coordinate values. Holder system of coordinates may be determined from the 
parameter obtained when the error parameter of a model type used for determining holder system of 
coordinates from this calculated value, or computing a coordinate value by the EGA method is computed, 
for example, offset, and a rotational error. Moreover, the coordinate value which detects at least one 
reference mark and is obtained by the alignment systems 24a and 24b of an off axis method, The coordinate 
value which detects an alignment mark, respectively and is obtained in at least three shot fields is used. The 
coordinate value of a reference mark and each shot field is computed with an EGA method. The coordinate 
value of each shot field which computed the at least one reference mark previously based on the deflection 
of the coordinate value detected and obtained under the RA microscopes 41 and 42 and the coordinate value 
computed previously may be amended, and the above-mentioned array coordinate (Xi, Yi) may be 
determined. 
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[0125] In addition, it sets in the above-mentioned operation gestalt. The wafer stage WST1 The lower part 
of alignment system 24a In case it moves under the projection optical system PL (condition shown in 
drawing 1 ) from (the condition shown in drawing 2 ) (or when moving under the projection optical system 
PL (condition shown in drawing 2 ) on the wafer stage WST2 from the lower part (condition shown in 
drawing 1 ) of alignment system 24b) As for the relative-position relation between a wafer holder, a wafer, 
as a result a reference mark plate and a wafer, not changing as much as possible is desirable. Then, the 
temperature controller which becomes the part in which the wafer holder and reference mark plate of the 
wafer stage WST1 (or WST2) are laid from heating and the cooling component of a heater, a ** RUCHIE 
component, etc., and becomes a list from temperature measurement components, such as a thermistor, is 
formed, and you may make it maintain uniformly the temperature of a wafer holder, a wafer, and a reference 
mark plate with this temperature controller. 

[0126] In addition, of course, it is also possible to adopt the different distributed approach from the approach 
which showed the reference mark to the above-mentioned operation gestalt as an approach of distributing 
according to a measurement sequence. 

[0127] Moreover, although a reference mark plate shall be formed on four the outskirts of a wafer holder 
with the above-mentioned operation gestalt, it is also possible to adopt a configuration method as this 
invention not limited to this and shown in drawing 5 and drawing 6 . Hereafter, the modification of 
arrangement of a reference mark is explained based on drawing 5 and drawing 6 . 

[0128] Wafer stage WST 1 concerning the 1st modification is shown in drawing 5 . Three reference mark 
plates FMe, FMf, and FMg are formed around the wafer holder on wafer stage WST' so that this drawing 5 
may also show, triangle EA 1 to which these three reference mark plates FMe, FMf, and FMg have main He* 
of a wafer holder inside — it is arranged mostly in the top-most-vertices location, among these, to the 
reference mark plate FMe formed in the bottom (-Y side) in drawing 5 of Wafer W Two reference marks 
Mel and Me2 simultaneously measurable under RA microscope of a 2 eye couple as well as the reference 
mark plate FMa shown in drawing 4 are formed. The reference marks Mf and Mg for specifying said holder 
system of coordinates are formed, respectively like the reference mark plates FMe and FMd shown in the 
other reference mark plates FMf and FMg at drawing 3 . 

[0129] Similarly [ in the modification of this drawing 5 / above-mentioned / operation ], since the core of a 
wafer holder exists in the interior of field EA ? of the triangle surrounded by the reference mark, when 
searching for the core of a wafer holder based on the measurement result of the location of a reference mark, 
that central point is equivalent to a interpolation point, if a reference mark location says. Therefore, it can 
ask for the holder system of coordinates to which a main control unit 90 makes the core of a wafer holder a 
zero by detecting the positional information of each reference mark established on the wafer stage using the 
alignment system and the interferometer, and performing a predetermined operation based on the positional 
information with to some extent high reliability. Moreover, compared with the case where an EGA 
operation is performed using the positional information of the alignment mark attached to the shot field of 
the field EA 1 exterior in the dependability of the error parameter (X, Y offset, rotation, perpendicularity, X, 
Y scaling) which is the result of an operation, it can be made high by performing an EGA operation using 
the positional information of the alignment mark attached to the shot field included inside field EA 1 . This 
point is the same also with the above-mentioned operation gestalt. 

[0130] Moreover, since spacing of the direction which intersects perpendicularly with it becomes small in 
arrangement by which spacing of reference mark plates becomes large only to a predetermined direction and 
lowering of the measurement precision in the so-called EGA measurement takes place, it is desirable to 
arrange a reference mark (reference mark plate) at intervals of an almost equal include angle on the 
periphery of a wafer holder. 

[01 3 1 ] In addition, about the number and an arrangement location, it is [ that what is necessary is just to 
arrange a reference mark plate so that at least three reference marks may be located at the top-most vertices 
of not only arrangement like this modification or the above-mentioned operation gestalt but a polygon as 
arrangement of the reference mark plate on a wafer stage ] possible to set it as arbitration. 
[0132] Wafer stage WST" concerning the 2nd modification is shown in drawing 6 . In wafer stage WST" 
concerning this 2nd modification, it has the description at the place in which two reference mark plates FMh 
and FMi are formed near the wafer holder so that drawing 6 may show. 

[0133] straight-line EA" by which these two reference mark plates FMh and FMi pass along the core of a 
wafer holder — it is arranged about the upper core in the opposite hand, and the reference marks Mh and Mi 
for specifying holder system of coordinates are formed like the reference mark plates FMe and FMd shown 
in the reference mark plates FMh and FMi at drawing 3 . 
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[0134] By arranging two reference mark plates in this way, spacing between reference marks can be taken to 
the die length of diameter extent of a wafer holder, constraint of a measurement span can be eased, and, 
thereby, improvement in measurement precision can be aimed at. Moreover, since the core of a wafer holder 
exists on the straight line which connects two reference marks, when searching for the core of a wafer 
holder based on the measurement result of the location of a reference mark, the central point is equivalent to 
the interpolation point of a reference mark location. It can ask for the holder system of coordinates which 
make the core of a wafer holder a zero with to some extent high reliability by detecting the positional 
information of each reference mark which follows for example, by which the main control unit 90 was 
formed on the wafer stage using the alignment system and the interferometer, and performing a 
predetermined operation based on the positional information. In a main control unit 90, moreover, the 
positional information of the alignment mark which exists on said straight line on a wafer using an 
alignment system and an interferometer For example, by asking on system of coordinates at the time of 
alignment, and changing this into the positional information in holder system of coordinates For example, 
even if it is the case where it becomes impossible for the location of a wafer stage to manage temporarily By 
measuring a reference mark again on new system of coordinates (at the time of exposure system of 
coordinates), the positional information of an alignment mark can be searched for with high dependability 
on new system of coordinates based on the measurement result and the positional information in said holder 
system of coordinates. Therefore, it becomes possible to always manage the location of a wafer with a 
sufficient precision, without causing enlargement of a wafer stage, and amplification of the footprint of 
equipment. In this case, two reference marks are able to compute easily the main coordinate and angle of 
rotation of a wafer holder from a symmetrical thing to the core of a wafer holder, for example. Moreover, 
for example, when the location of a wafer stage is managed on the rectangular coordinate system by the 
interferometer, and making it the straight line which connects two reference marks have about 45-degree dip 
to the axis of coordinates of a rectangular coordinate system, it becomes possible to measure a mark location 
in a precision equivalent about the direction of both axes of coordinates of a rectangular coordinate system. 
Moreover, although the aligner of drawing 1 shall have two wafer stages, you may be one, and the 
configuration of those other than a reference mark plate is arbitrary, and is not cared about. Moreover, any 
of a 1 -dimensional mark and a two-dimensional mark are sufficient as the reference mark formed in each 
reference mark plate, and it may combine both. 

[0135] Furthermore, although the front face of a reference mark plate shall be set as the almost same height 
as a wafer front face with the above-mentioned operation gestalt, it is not necessarily necessary to arrange a 
reference mark plate so that the front face may become the same height as the front face of a wafer. A 
projection optical system PL is inserted with the above-mentioned operation gestalt. Moreover, two 
alignment system 24a, Although 24b shall be arranged, it shall move between alignment system 24a and a 
projection optical system PL on the wafer stage WST1 and waste-cloth TEJI WST2 shall be moved between 
alignment system 24b and a projection optical system PL For example, it is good also as a configuration 
which prepares only one side of the alignment systems 24a and 24b, and replaces two wafer stages between 
one alignment system and a projection optical system PL as indicated by WO 98/No. 40791. Furthermore, in 
parallel to exposure of one wafer of the wafer stages WST1 and WST2, the level difference information on 
the shot field on a wafer may be detected using the sensor of the same configuration as AF sensor used for 
example, by the projection optical system PL at the time of the mark detection on the wafer by the alignment 
systems 24a and 24b in the wafer stage of another side. 

[0136] In addition, with the above-mentioned operation gestalt, although sources of ultraviolet radiation, 
such as KrF excimer laser and ArF excimer laser, and the pulse laser light source of vacuum ultraviolet 
areas, such as F2 laser, shall be used as the light source, other vacuum-ultraviolet light sources, such as not 
only this but Ar2 laser light source (output wavelength of 126nm), may be used. Moreover, the single 
wavelength laser beam of the infrared region oscillated not only from a laser beam but from the DFB 
semiconductor laser or fiber laser outputted from each above-mentioned light source as a vacuum-ultraviolet 
light, for example or a visible range may be amplified with the fiber amplifier with which the erbium (Er) 
(or both an erbium and an ytterbium (Yb)) was doped, and the higher harmonic which carried out 
wavelength conversion may be used for ultraviolet radiation using a nonlinear optical crystal. 
[0137] In addition, although the above-mentioned operation gestalt explained the case where this invention 
was applied to scanning aligners, such as step - and - scanning method, of course, the applicability of this 
invention is not limited to this. That is, this invention is suitably applicable also to the cutback projection 
aligner of a step-and-repeat method. 

[0138] In addition, while including the illumination system and projection optical system which consist of 
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two or more lenses in the body of an aligner and carrying out optical adjustment, the aligner of the above- 
mentioned operation gestalt can be manufactured by attaching in the body of an aligner the reticle stage and 
wafer stage which consist of many machine parts, connecting wiring and piping, and carrying out 
comprehensive adjustments (electric adjustment, check of operation, etc.) farther. In addition, as for 
manufacture of an aligner, it is desirable to carry out in the clean room where temperature, an air cleanliness 
class, etc. were managed. 

[01 39] In addition, this invention is applicable to the aligner used for manufacture of the aligner which 
imprints the device pattern used for manufacture of the display not only containing the aligner for semi- 
conductor manufacture but a liquid crystal display component etc. on a glass plate, the aligner which 
imprints the device pattern used for manufacture of the thin film magnetic head on a ceramic wafer and 
image sensors (CCD etc.), a micro machine, a DNA chip, etc. Moreover, in order to manufacture the reticle 
or the mask used not only with micro devices, such as a semiconductor device, but with an optical aligner, 
an EUV aligner, an X-ray aligner, an electron ray aligner, etc., this invention is applicable also to the aligner 
which imprints a circuit pattern to a glass substrate or a silicon wafer. Generally with the aligner using DUV 
(far-ultraviolet) light, VUV (vacuum ultraviolet) light, etc., transparency mold reticle is used here, and 
quartz glass, the quartz glass with which the fluorine was doped, a fluorite, magnesium fluoride, or Xtal is 
used as a reticle substrate. Moreover, in the X-ray aligner or electron ray aligner of a pro squeak tee method, 
a transparency mold mask (a stencil mask, membrane mask) is used, and a silicon wafer etc. is used as a 
mask substrate. 

[0140] Although the operation gestalt of this invention mentioned above and its modification are a suitable 
operation gestalt in the actual condition, and its modification, this contractor of a lithography system will hit 
on an idea easily to the operation gestalt and modification which were mentioned above to carry out many 
addition, deformation, and a permutation, without deviating from the pneuma and the range of this 
invention. All such addition, deformation, and a permutation are included in the range of this invention most 
exactly specified by the above-mentioned claim. 
[0141] 

[Effect of the Invention] As explained above, according to each stage equipment according to claim 1 to 4, it 
is effective in the ability to attain the miniaturization, with a measurement function maintained. 
[0142] Moreover, according to each aligner according to claim 5 to 19, it is effective in the miniaturization 
of a substrate stage and curtailment of an equipment footprint being possible. Especially, according to each 
aligner according to claim 9 to 19, in addition to the above, it is effective in the location of a substrate being 
always manageable with a sufficient precision. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 5] 
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[Drawing 6] 
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